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PREFACE TO THE FIRST EDITION. 

After experimenting for a number of years 
Hyatt succeeded in preparing a new substance, 
Celluloid, from camphor and gun-cotton, on a 
manufacturing scale ; and the valuable properties 
of this substance soon brought it into public 
favour. 

Envious competitors soon spread a rumour that 
celluloid was liable to explode and was inflam- 
mable in the highest degree ; and sensational 
reports of this kind circulated in the daily and 
technical press almost unchallenged. Each and 
every busybody felt, and even now feels, justified 
in wasting the space of the daily papers with a 
" communication " or a letter " On the Inflam- 
mability of Celluloid". In these "communica- 
tions" we read the most amazing accounts of 
ladies whose hair has been burnt off by the igni- 
tion of a celluloid comb : of celluloid billiard 
balls set on fire by contact with burning cigars : 
of combs lying near a cafetiere, and set on fire 
by a drop of burning spirit : of flames a yard high 
shooting out from some celluloid ornament that 
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has been brought near a light : of the impossi- 
bility of extinguishing burning celluloid, etc., 
etc. 

However amusing such accounts may be to the 
expert, they produce anxiety in the minds of the 
general public; and it is one of the chief pur- 
poses of the present work to put an end to such 
nonsense, and afford the public a clear insight 
into the properties of celluloid. 

The manufacture, properties and technical 
utilisation of celluloid are exhaustively treated, 
so that it is hoped the book will meet with a good 
reception from those practically interested in the 
subject. 

In many cases celluloid is still regarded with 
anxiety from the fact that gun-cotton is used in 
its manufacture. On this account an attempt 
has been made in the sections dealing with the 
nitro-celluloses in general, gun-cotton and col- 
lodion wool, to make the public acquainted with 
the properties of these exj^losives, and thus cor- 
rect the overdrawn statements made in this con- 
nection. 

Moreover, the author has endeavoured to con- 
fine himself to actualities, and give the actual 
conditions obtaining in practice. That he has 
succeeded in doing this in every case is, however, 
doubtful, in view of the great difficulty of obtain- 
ing reliable information on many points that are 
regarded as trade secrets. 

The author, therefore, ventures to hope that 
both the expert, the press and the public will be 
able to derive benefit and instruction from his 



PEEFACE. Vll 

labours. His greatest pleasure, however, would 
be to know that he had done something to remove 
the erroneous ideas prevailing on the subject of 
cellulose, and thus help this greatly maligned and 
misunderstood substance to regain its rights, as 
it will do sooner or later. 



PREFACE TO THE THIED EDITION. 

Since the appearance of the previous editions 
the applications of celluloid have been consider- 
ably extended, vphilst the method of manufacture 
has remained almost unchanged. Continuous 
attempts have been made to replace camphor by 
other suitable materials, and also to diminish the 
inflammability of the product — a result that would 
be highly beneficial in certain spheres of applica- 
tion. Notwithstanding the small space available, 
all these novelties have been fully dealt with, so 
that the present edition is up to date, and will be 
found to meet all requirements and be useful to 
a large circle of readers. 

1907. 
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INTRODUCTION. 

The progress of civilisation, and the increasing require- 
ments of all branches of trade and industry, have been 
accompanied by a growing scarcity of many raw materials, 
the prices of which have risen in consequence. For this 
reason numerous attempts have been made, for some con- 
siderable time past, to imitate certain raw materials, on 
the one hand, and on the other, to find other materials 
capable of replacing them for many purposes if not in 
all. Thus, endeavours have been made to imitate ivory 
and caoutchouc, in the first place ; then tortoise-shell, 
horn, amber, etc., the earliest success in this direction 
being that obtained by Parkes of Birmingham, with the 
substance known as Parkesine, and used as a substitute 
for ivory and caoutchouc. This substance, which, while 
as hard as horn, is as flexible and supple as leather, and 
is capable of replacing ivory and mother-of-pearl as well 
as caoutchouc and guttapercha, was the first of its kind 
to arouse general interest. 

Parkesine is interesting as the forerunner of celluloid, 
and its preparation and application must therefore be 
dealt with. The inventor prepared it by mixing anhy- 
drous wood naphtha with gun-cotton, and thus obtained a 
solution suitable, according to its consistency ,_ for purposes 
ranging from waterproof clothing to the insulation of 
telegraph wires, manufacture of tubes, etc. To ameliorate 
the hardness and brittleness, which unfitted it for certain 
uses, the product was kneaded with castor oil, cotton- 
seed oil, or other fatty oils, a mixture of the gun-cotton 
solution and castor oil, for instance, furnishing a compo 

1 



2 CELLULOID. 

specially adapted for coating telegraph wires and water- 
proofing textile fabrics. 

Subsequently improvements were introduced, consist- 
ing in the employment of collodion dissolved in wood 
spirit and mixed with sulphonated drying oils, according 
to the degree of elasticity required, from 2 to 10 per cent, 
of sulphur chloride, together with an addition of carbon 
disulphide to check the violence of the reaction, the 
resulting product being incorporated with varying pro- 
portions of dissolved gun-cotton, according to the result 
desired, but seldom more than 20 per cent. By warming, 
the mass is converted into a pasty condition, enabling it 
to be moulded into any desired shape. The products ob- 
tained in this way were very handsome, and included 
sheets in various colours, imitation marble patterns, 
combs, knife handles, etc. The solvent employed facili- 
tated the introduction of various colouring agents (coal- 
tar dyes in particular) into the mass; and powdered 
colours could also be incorporated by rolling or kneading. 

For some years Parkesine enjoyed a fair amount of 
popularity in England, but was too expensive to retain 
that position long; and it was not until 1869 that the 
invention of ceUuloid by the brothers Hyatt, who were 
printers at Newark in the State of New Jersey, opened 
up a new era to this class of preparations. The new 
discovery was arrived at in the course of experiments 
concerned in the production of a printer's roller material 
capable of withstanding atmospheric influences. The ex- 
periments were made with collodi(?n, and it was found 
that by suitably treating this substance with camphor an 
entirely new product, possessing very valuable properties, 
was obtained. The name celluloid was given to it on 
account of the cellulose forming the raw material. 

Though in the first edition of this work a future was 
foretold for this product, it could not be foreseen at that 
time that it would develop into such an important in- 
dustry as it has since done. It may possess a certain 
amount of interest to reproduce in this place a few of the 
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opinions expressed at the earlier stages of the celluloid 
industry. 

Thus, the brothers Dobler, makers of hard rubber and 
celluloid articles in Berlin, stated their belief that the 
good qualities of celluloid would be of but little avail, 
owing to the unreasonable prejudice against it and the 
half-hearted attempts made to introduce it into the 
various branches of industry, so that it was looked on as 
overrated. It was also rendered unpopular by newspaper 
articles instigated by competing interests and containing 
foolish statements put forward with the greatest serious- 
ness, the effect being the greater since these assertions 
were also disseminated by leading journals and even by 
trade organs. One of these statements was to the effect 
that " the idea that there is any future at all for celluloid 
is now banished from the minds of manufacturers and 
traders ". 

Another firm of celluloid makers gave a more favour- 
able opinion, having written to the author as follows : 
" It is possible that celluloid wiU not retain its present 
popularity, more especially in view of the undiminished 
agitation against it on the part of interested persons ; but 
it will never, as is often prophesied, entirely disappear, 
its prominent position along with ivory, tortoise-shell, 
hard rubber, etc., being assured". Professor Reuleaux, 
however, held opposite views. He averred that " It is 
unnecessary to employ this substance for purposes of 
imitation in order to render it popular. As a matter of 
fact, celluloid needs handling very carefully in connection 
with industrial art. It would only be too easy to deviate 
with this new substance into the by-path of imitation, 
that insidious evil which has already done so much injury 
to our industries that friends of industrial art shudder 
when they hear of a new 'successful imitation' being 
introduced. German manufacturers cannot be too ur- 
gently warned against this habit of imitation, which is 
always attended with the danger that what is really 
capable of accomphshment is lost sight of in attempts 
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after the unattainable. If we wish to make a good article, 
we must strive after the truth and not after imitations : 
that is to say, given a good material, we should endeavour 
in its industrial application, to develop it to the extent 
which its inherent properties permit. In this way we 
shall obtain better results than by imitation, which at 
best always retains a certain inferiority." 

Against this view, which contains a good deal of truth, 
must be set the fact that the materials to be imitated are 
so expensive that they are not within the means of all. 
In any case, however, in connection with the endeavours 
to obtain good imitations by means of celluloid, it should 
not be forgotten that this substance is of itself excellently 
adapted for utilisation, without any resort to borrowed 
plumes. 

More than twenty years ago the high price of celluloid, 
owing to the imperfect methods of manufacture, imposed 
certain limits on its use, and in many cases rendered the 
employment of natural products more practicable. At 
the present time the conditions are different, owing, on 
the one hand, to increased competition, and on the other, 
to improved methods of manufacture. The production 
of imitations by means of celluloid at that time was less ' 
with the idea of competing with individual materials than 
to show what celluloid could do. Nowadays the produc- 
tion of certain imitations is justified, if only for the reason 
of their extreme cheapness, and because they can be made 
in a far simpler manner than is possible in the case of 
many genuine materials. 

For many branches of industry celluloid has become a 
really indispensable product, and one capable of extensive 
application. 

The main objection at one time existing against the 
widespread use of celluloid was its inflammability and the 
rapidity with which it burns when brought near a flame. 
This, however, is the case with other materials, and it 
might be said, for instance, that no lady should wear a 
dress made of such inflammable material as muslin. 
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Many lives have been sacrificed through the ignition of 
ladies' dresses, but no case is on record of lives being lost 
in this way through celluloid articles properly used ; and, 
moreover, these articles are very small and not used as 
clothing. 

The only time celluloid can take fire is when it is 
brought into direct contact with flame, or has been heated 
to such an extent as to give oflf inflammable vapours ; and 
even then the presence of a flame is necessary to cause 
these vapours to ignite, or some special cause, such as the 
sudden admission of air, produces an explosion of a large 
volume of celluloid vapour. 

The story about a billiard-ball that was ignited by con- 
tact with a lighted cigar lying on the edge of the table, 
and that set fire to the cloth before it could be removed 
by means of tongs, is a fable, and impossible, as can be 
proved by trying the effect of a lighted cigar on cellu- 
loid. 

Vapours that have been liberated from celluloid by 
contact with a. glowing body will ignite on the approach 
of a flame, and the latter will then also attack the object, 
as in the case of a celluloid cigar-holder when the cigar 
has burned down into the holder. 

Burning celluloid can be easily extinguished by a single 
strong puff of wind, unless the burning object has been 
on fire for some time. If a flame has just commenced to 
light a piece of paper, the latter can be blown out with 
ease; but if the whole of the paper has been attacked, 
blowing is no longer of any use. The same apphes in the 
case of celluloid or any other burning object. 

If the concentrated heat of a flame is allowed to act on 
celluloid, as will be the case when the latter is held over 
a petroleum lamp, the celluloid will ignite at a distance of 
about eight inches above the top of the lamp chimney. 
This is not surprising, as a piece of paper held in the same 
position will turn brown and give off' a cloud of smoke. 
Under these conditions the celluloid first gives oft" vapours, 
and then emits a shght, barely audible crackling noise. 
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Immediately, a small flame appears twice in succession just 
above the surface of the celluloid, and the next moment 
the mass takes fire. In this case it is not the celluloid 
itself but the vapour that ignites, the flame then attacking 
the celluloid. Exactly the same thing can be observed 
with wood, though no one would think of raising objection 
to the use of wooden utensils on that account. Wood is 
a well-known material, whereas celluloid is comparatively 
new; and it is easy to understand that the opponents of 
this new product should desire to emphasise its defects 
and keep silent on the subject of its advantages. 

From what has been said, it will be evident that cellu- 
loid articles can only be ignited when they are held in a 
flame or have been heated sufficiently highly to decompose 
the material. Therefore, wearers of celluloid articles should 
take care not to go too near a flame, not from dread of 
the celluloid burning, but chiefly because of the risk of 
the hair or other parts of the body taking fire. 

In any event, care should be exercised in selecting 
articles made of celluloid, as cigar or cigarette-holders of 
this material may be really dangerous, owing to the ease 
with which it is decomposed in contact with the glowing 
tobacco when the latter is allowed to burn down too far. 
Should this result ensue, there is danger of the lips and 
mouth being scorched by the hot vapours. 

Particular care is necessary when celluloid is stored in 
large quantities, and when the material is being worked 
in the lathe, etc. Some time ago a number of fires broke 
out at short intervals in celluloid stores and workshops, 
and the cause was attributed, in the former especially, to 
the liberation of celluloid vapours, though this could not 
be proved ; and indeed it is hardly likely that, even with 
large quantities of celluloid, a sufficient volume of vapour 
would be liberated as to ignite explosively on a sudden 
irruption of air. 

The case is different in workshops where celluloid is 
being worked, the fine dust given off filling the air of the 
room and forming a source of danger in view of the in- 
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flammable character of the material and the explosive 
nature of certain kinds of dust (e.g., flour in flour mills). 

In the course of years the public has gradually learned 
that celluloid is not really more dangerous than many 
other articles in general use ; and the best proof of this is 
the widespread application of this substance for many 
articles of use, toilet articles, etc., and also for industrial 
purposes. If there were any risk, or any danger greater 
than we are exposed to daily, celluloid would not have 
succeeded in making such a way for itself as it has now 
done. 

Moreover, in the course of the last few years, innumer- 
able methods have been proposed for replacing the ex- 
pensive ingredient, camphor, by uninflammable materials, 
and both in this and other ways, to introduce substances 
capable of greatly diminishing (if not entirely removing) 
its inflammability, and thereby considerably lessening 
the risks attending the storage, working and use of cellu- 
loid. Finally, there are now in the market materials, 
like galalith from milk casein, that have all the appear- 
ance of celluloid and are quite uninflammable. 



CHAPTER I. 

RAW MATERIALS FOR THE MANUFACTURE OF CELLULOID. 

Celluloid may in general — or at least it could until 
quite recently — be deHcribed as a composition consisting 
of more or less nitrated pure cellulose and camphor, dis- 
solved in various solvents, mechanicallj'- treated, stained 
any desired colour with dyestuffs or pigments, and ob- 
tained, after the evaporation of the solvents, in the form 
of solid blocks, plates, sheets and rods, which are worked 
up into all manner and sizes of useful articles. The 
manufacturers of celluloid, who are comparatively few in 
number, restrict themselves to producing this material 
(and xylonite), whereas the numerous makers of celluloid 
articles work up the product by moulding, pressing or 
lathe turning. 

Before going into the manufacturing process, which 
has undergone extensive modification through the intro- 
duction of substances intended to supersede camphor to 
a greater or smaller extent, we will first treat of the raw 
material, cellulose and its products, and nitro-cellulose 
(gun-cotton, collodion) so far as is necessary to make the 
subject understandable. 

Cellulose and Pyroxylin. 

The chief constituent of the organs of trees, and all 
other vegetable growths whatsoever, is the substance 
known as cellulose, from the fact that it constitutes the 
material of the cell walls and tissues. 

Perfectly pure cellulose, unmixed with any other sub- 

(8) 
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stance, is never met with in nature, but is always more 
or less firmly combined with colouring matters, fats, 
albuminoids or gummy substances. In the younger parts 
of plants it is fairly pure, but wood and the ligneous 
portions of plants contain cellulose in admixture with 
extraneous bodies, more particularly encrusting or mineral 
matters. 

Cotton and paper made from rags (especially Swedish 
filter paper) may be regarded as fairly pure cellulose, 
and the prepared fibres of flax and hemp also contain it 
in a nearly pure state. 

Cellulose is distinguished by its high power of resist- 
ing most chemical reagents, being insoluble in water, 
alcohol, ether, fatty and volatile oils, and even in dilute 
acids and alkalis. The only known chemical compound 
in which it is completely soluble without decomposition 
is ammoniacal copper oxide solution prepared by dissolv- 
ing freshly precipitated copper hj'droxide in highly con- 
centrated ammonia. Cellulose (cotton or filter paper) 
introduced into this deep blue liquid swells up to a 
viscous mucilage, and then gradually dissolves to a blue 
mass, which forms a coherent film when spread out in 
thin layers to dry. 

JPerfectly pure cellulose is prepared by treating cotton, 
purified flax or hemp fibres (fabrics), or pure, unsized 
paper with dilute hydrochloric acid, hydrofluoric acid 
and chlorine water in succession, then with dilute alkahs, 
and finally with alcohol, ether and water. These solvents 
successively extract the impurities from the cellulose, 
and leave the latter in a pure, or nearly pure, state. 
Concentrated sulphuric acid or hydrochloric acid will 
chemically modify cellulose and dissolve it ; and by boil- 
ing cellulose with dilute hydrochloric or sulphuric acid, 
it is converted into grape sugar. 

Paper treated with, or dipped in, a mixture of one part 
by volume of sulphuric acid and half that quantity of 
water, for one to two minutes, and then washed quickly 
with plenty of water, furnishes parchment paper, which 
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no longer separates into its individual fibres when placed 
in water. 

If cellulose be treated with a mixture of concentrated 
nitric acid and sulphuric acid, it undergoes alteration into 
a number of compounds known under the generic name 
of nitro- cellulose. As a rule these bodies exhibit the 
properties of gun-cotton; but in certain circumstances, 
and especially when weaker nitric acid has been used, or 
saltpetre has been employed instead, a nitro-cellulose is 
formed which differs from gun-cotton in being less ex- 
plosive (though it burns very rapidly) and also by being 
soluble in a mixture of ether and alcohol. This solu- 
tion is generally known as collodion, the fairly innocuous 
dissolved nitro-cellulose therein constituting collodion 
cotton. 

The practical preparation of chemically pure cellulose 
being a difScult and expensive process, the pure material 
is dispensed with, being replaced by substances contain- 
ing cellulose, such as cotton, paper, linen, etc. Despite 
the innumerable recipes and patents for preparing cellu- 
lose from various other materials, alleged to be specially 
adapted for the production of nitro-cellulose for this pur- 
pose, it is doubtful whether any other materials than 
cotton, paper and linen have ever been used on a practical 
scale. The cellulose recovered from the wood of coni- 
ferous trees might come under consideration for this 
purpose, but the suitability of one or the other kind of 
cellulose will have already been carefully threshed out 
by the manufacturers of celluloid, by practical trials or 
on theoretical grounds, and it may be definitely stated 
that cotton, paper and linen are the only raw materials, 
containing cellulose, actually employed. 

As already mentioned, the nitro-celluloses are prepared 
by treating substances containing cellulose with a mixture 
of concentrated sulphuric acid and more or less concen- 
trated nitric acid. The sulphuric acid, which plays no 
part in the actual conversion process, serves exclusively 
for absorbing the water liberated by the action of the 
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nitric acid on the cellulose, so as to prevent a too rapid 
dilution and premature weakening of the nitric acid. 

In addition to cellulose many other organic substances 
are converted by nitric acid into nitro-compounds, or 
" nitrated," the action consisting in the nitric acid being 
split up into a nitric acid radicle (the so-called nitro-group 
or hyponitric acid) and a water radicle. The nitric 
radicle combines chemically with the organic substance 
present, which it "nitrates," whilst the water radicle 
unites with hydrogen, eliminated from the organic sub- 
stance, to form water, which is immediately seized by the 
sulphuric acid. 

The actual nitro-compound formed depends on the 
strength of the nitric acid, the length of the reaction 
and the temperature of the acid mixture, as well as on 
the nature of the cellulose material used. The nitro- 
group may combine two, three, four, five or six times with 
the cellulose, and furnish the following compounds : — 

Dinitro-oellulose, containing 2 nitro-groups. 
Trinitro-cellulose „ 3 „ 

Tetranitro-cellulose „ 4 ,, 

Pentanitro-oellulose „ 5 ,, 

Hexanitro-oellulose „ 6 „ 

The nitro-cellulose known as gun-cotton, and now used 
as the propulsive agent in modern ammunition almost 
exclusively, is the most highly nitrated product of the 
series, hexanitro-cellulose. All the others are collodion 
wools, differing from gun-cotton in that they are soluble 
in a mixture of ether and alcohol, with which they form 
the liquid known as collodion. 

One or other of these nitro-celluloses forms the main 
product of nitration, according to the manner in which 
the operation is performed ; but it should be noted that 
other members of the series are formed at the same time. 
Thus commercial gun-cotton contains collodion wool nitro- 
celluloses; whilst a collodion wool consisting chiefly of 
tetranitro-cellulose, for instance, will contain other mem- 
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bera of the series, e.g., trinifcro-cellulose. It is true that, 
by working on a laboratory scale and by prolonged 
washing with ether-alcohol, gun-cotton can be obtained 
in the pure state ; but, on the other hand, it is only with 
great difficulty, if at all, that a collodion wool can be 
prepared that contains only a single nitro-cellulose and 
not a mixture. The five nitro-celluloses are formed under 
the following conditions : — 

1. Hexanitro-cellulose (gun-cotton) is formed by the 
action of a mixture of concentrated nitric acid (sp. gr. 
1'5) and pure concentrated sulphuric acid (66° B.) on a 
substance containing cellulose. The proportions of the 
two acids may be varied considerably : for instance, three 
volumes of nitric acid (sp. gr. r517) to one of sulphuric 
acid (sp. gr. 1'84), or three volumes of sulphuric acid (ap. 
gr. 1'845) to one of nitric acid (sp. gr. 1"5). In either 
case a nearly chemically pure gun-cotton is obtained. 
For further particulars as to the process, see under Gun- 
cotton. 

2. Pentanitro-cellulose is always formed when cotton 
is acted on by highly concentrated acid mixtures at a 
low temperature. Its production is facilitated by a high 
proportion of sulphuric acid in the mixture, but it is 
never obtained pure, being always accompanied by either 
hexanitro-cellulose or tetranitro-cellulose, the former when 
the acids have been too strong, and the latter when they 
have been too weak. It can, however, be prepared in 
a very pure state by dissolving ordinary collodion wool 
(rich in tetranitro-cellulose) in warm nitric acid, and pre- 
cipitating the clear solution by an excess of sulphuric 
acid, the mixture being kept cool by surrounding the 
vessel with ice. The collodion wool is introduced into 
nitric acid of sp. gr. 1'40, and at a temperature of 40-60° 
C, until the solution begins to assume a strong yellow 
tinge (which ensues after warming for about an hour). 
The cloudy solution, after being cooled awhile in the air, 
is surrounded by ice (to prevent the liberation of red 
fumea) and filtered through asbestos. It is then re-cooled 
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with ice and treated with a fourfold volume of concen- 
trated sulphuric acid (sp. gr. 1"840), which also has been 
cooled with ice beforehand. 

After the pentanitro-cellulose has been thrown down, 
the liquid is poured into a large quantity of water, and 
the collodion wool is recovered by filtration and washing 
with water. Further purification is efiected by dissolving 
it iD ether-alcohol and re-precipitation with water. 

3. Tetranitro-cellulose is formed by treating cotton with 
a mixture of the concentrated acids — e.g., one volume of 
sulphuric acid of sp. gr. 1 "845, and one of nitric acid 
(sp. gr. 1"38) — at 65" C. for five to ten minutes. Even 
when the cotton is treated for fifteen minutes at 80° C. 
with a mixture of equal volumes of sulphuric acid of the 
above strength and nitric acid of sp. gr. 1'40, the same 
product is obtained. In this latter case the product is 
that known as Schering's collodion wool. 

4. Trinitro-cellulose, or rather a mixture of tri- and 
tetranitro-cellulose in which the former preponderates, is 
obtained when cotton is treated for five to ten minutes 
at 65-70° C. with a mixture of four volumes of nitric acid, 
of sp. gr. r38-l"39, and five volumes of sulphuric acid 
of sp. gr. 1'845. 

5. Dinitro-cellulose is obtained by the action of hot, 
very dilute nitro-sulphuric acid on cellulose, as well as 
by acting on ordinary collodion wool (tetranitro-cellulose) 
with potash or ammonia. In the latter case 2-4 grms. 
of collodion wool are dissolved in 100 c.c. of a mixture 
of ether and alcohol, alcoholic caustic potash being 
added in excess and shaken up. The" collodion becomes 
very fluid and yellow-brown in colour. At the end of 
one to two hours the solution is diluted with a large 
volume of water, and the free alkali neutralised by 
an addition of dilute sulphuric acid. Thereupon the 
dinitro-cellulose collects on the surface of the liquid as 
a white, flocculent aggregation, which is then filtered, 
washed and dried, forming a yellowish gummy mass. 

A variety of products are also obtainable by the action 
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of nitric acid on cellulose; and these differ from gun- 
cotton and collodion wool, as well as from each other. 
In fact even the products known as collodion wool are 
dissimilar, four varieties being known. Both gun-cotton 
and collodion-pyroxylin are used in the manufacture of 
celluloid ; and it will therefore be necessary to consider 
the nature of this pyroxylin as well. 

Gun-cotton. 

The discovery of gun-cotton by Schonbein and Bottger, 
simultaneously, in 1845, excited general interest, it being 
regarded as certain that gun-cotton was destined to en- 
tirely supersede gun-powder in time — a supposition that 
has only recently been fulfilled to any extent. In indus- 
tries like celluloid manufacture, where gun-cotton is used, 
it is made on the spot, owing to the dilRculties attended 
on its conveyance from place to place (though there is 
little danger when it is transported in a wet state). 

Out of the numerous methods of preparing this im- 
portant raw material we will confine ourselves to two, 
the two mostly used at present, namely, those of Lenk 
and Abel respectively. 

In all methods it is of great importance that the 
nitric acid should be pure (free from chlorine especially) 
and as strong as possible. The cotton, too, should be 
thoroughly purified, and the finished gun-cotton freed 
from acid by treating it with water for several days 
(this operation formerly took weeks). The slightest 
trace of residual acid imparts to the gun-cotton a tendency 
to gradual decomposition, and under certain conditions 
to easily explode. 

1. The Lenk Method. — The cotton is first boiled for 
two to three minutes in a solution of potash to free it 
from fatty bodies, and is then drained in a hydro-ex- 
tractor, washed with water, drained afresh and dried. 
It is next placed in a mixture of one part of nitric acid 
(sp. gr. 1 "48-1 49) and three of sulphuric acid (sp. gr. 
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1'835), which will convert the cotton into explosive gun- 
cotton in a few minutes. 

The cotton after being taken out and allowed to drain 
is covered up in stoneware pans for a couple of days 
to complete the conversion of the cotton into pure gun- 
cotton (hexanitro-cellulose) as far as possible. It is then 
drained in hydro-extractors, washed with a large volume 
of water, and laid in running water for three to six 
weeks. In order to eliminate the final traces of acid, 
the gun-cotton is boiled with potash solution, followed 
by draining in the hydro-extractor and washing as 
before. 

2. The Abel Method. — In this process cotton-waste 
(instead of cotton) is nitrated, the material being freed 
from fat as in the Lenk method, and treated in an acid 
mixture of identical composition, in which, however, it 
is left for twenty-four hours instead of a few minutes. 
The product is drained in the hydro-extractor, washed 
quickly in plenty of water and re-drained in the extractor, 
these operations being several times repeated. The gun- 
cotton is then passed through a machine similar to that 
used in breaking down paper stock and treated in a 
" poaching machine " containing a large quantity of warm 
water. Owing to the fine state of division obtained by 
the previous treatment, and to the use of warm water 
and the poaching machine, the gun-cotton made by the 
Abel process is completely freed from acid in abftut two 
to three days, whereas six to eight weeks are required in 
the Lenk method. 

The resulting loose gun-cotton can be compressed into 
cylindrical form, but the compressed article is not used in 
making cellulose. 

Properties of Gun-cotton. — Judged merely by appear- 
ance, there is no difference between ordinary cotton and 
gun-cotton, or between ordinary paper and paper that has 
been treated with the acid mixture, the entire structure in 
both cases remaining unchanged. The gun-cotton is only 
a little whiter than the other. If, however, gun-cotton 
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be rubbed, especially at a moderately warm temperature, 
its fibres become strongly electrified and will adhere to 
the hand. It also feels somewhat harsher than ordinary 
cotton, and gives out a slight crackling sound when com- 
pressed. 

Gun-cotton is exploded by a blow or pressure, but the 
explosion is restricted to the portion actually affected by 
the shock, leaving the rest undecomposed. A 56-lb. 
weight can be dropped on gun-cotton from a height of 
40 inches without producing an explosion. The cotton is 
compressed to about one-third its original dimensions by 
the blow, and it is i)nly when the weight is dropped from 
a height of 6 feet that a slight detonation occurs, the bulk 
of the mass being scattered about by the force generated. 
Even when the weight is dropped from a height of nearly 
40 feet the whole of the gun-cotton will not be exploded, 
but only a small portion, the rest being dispersed to a 
considerable distance. 

When gun-cotton is gradually heated it begins to de- 
compose at 60° C. with liberation of acid fumes, but, as a 
rule, no explosion occurs below 130° 0. If heated more 
rapidly it will generally detonate at 150-180° C, often 
even at 136° C, but rarely below 100° C, though cases 
have been known where gun-cotton has exploded at 70- 
100° C. whilst being dried on warm, metal supports. In- 
deed, in exceptional instances, air at a temperature of 
25-30° C.-has produced an explosion. Hence great care 
is necessary with gun-cotton, especially in the di-ying 
process. Many of the explosions occurring at such re- 
markably low temperatures may have been due to the im- 
perfect elimination of acid; but thanks to the excellent 
purifying processes of Lenk and Abel, they are now rare. 

Wet gun-cotton is much safer to handle than the dry 
material ; and indeed when it contains a sufiicient amount 
of moisture it can hardly be considered at all dangerous. 

Gun-cotton is insoluble in water, alcohol, ether, chloro- 
form and acetic acid, dilute acids and alkalis; but is 
soluble in acetone and wood spirit (methyl alcohol). 
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If saturated with ether, alcohol, carbon disulphide or 
benzol, gun-cotton decomposes on ignition of the liquid, 
but without explosion, and a smell of nitrous acid is 
given off. Wet gun-cotton is readily ignited by burning 
dry, compressed gun-cotton. It is soluble in a mixture of 
drying vegetable oil with half its weight of camphor at 
about 150° C, to form a plastic mass, xylonite, which can 
be easily moulded, and furnishes, when dry, a yellowish, 
semi-translucent mass. 



Special Gun-cottons for Celluloid Manufacture. 

1. According to the method of B. Tribouillet and 
L. A. de Besancele, of Paris, the raw materials (paper. 





Figs. 1 and 2. — ^Apparatus for making Gun-cotton. 

cotton, linen, hemp or white woods) are dried at 100° 0., 
ground and then nitrated. This last operation is per- 
formed in glass, earthenware or glazed iron vessels, A 
(Figs. 1 and 2), 7-8 inches deep and mounted on a bottom 
cooling jacket, B, traversed by a flow of water. Each 
vessel is surmounted by a glass cover, V, to protect the 
operator from the fumes. The small hopper, T, m the 
cover can be closed by a slide, and the lateral opening, C, 
by a flap. 

The ground dry materials are treated in this vessel 
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with an acid mixture from a previous operation in 
another vessel. In order to mix the charge, the operator 
inserts his arms through the opposite openings, o, and 
the attached rubber sleeves, m, which cover the arm 
down to the wrist. 

When the mass has been kept stirred for ten to fifteen 
minutes with a kind of trowel, it is removed to a press of 
glazed cast-iron (Fig. 3), with perforated sides and bottom, 
and is there pressed by forcing down the plunger, P. 

The resulting cake is next transferred to a second 
mixing vessel, where it is treated in a suitable manner 
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PiQ. 4.— 

Fig. 3.— Press for Nitro-oellulose. Trucks for Washing Nitro-cellulose. 

with a mixture of three parts of sulphuric acid (sp. gr. 
1"834) and two parts of concentrated nitric acid contain- 
ing nitrous acid in solution, and is afterwards pressed as 
before. The acid draining from the press is returned to 
the first mixing vessel, where it is used with a fresh batch 
of cellulose, after being strengthened with concentrated 
sulphuric acid or dry sodium sulphate. 

The pressed nitro-cellulose is next stirred up with water 
and placed in wooden trucks fitted with false bottoms 
(Fig. 4). These trucks are mounted on wheels of unequal 
size, so that they can be gradually moved up an incline 
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whilst the washing water runs down out of one into 
another. The rest of the acid is washed out with water 
containing a little soda or ammonia, and finally with 
clean water. 

2. According to Hyatt, of New York, it is inadvisable 
to treat paper in whole rolls or sheets, since in such case 
the acid will not soak right through ; and moreover the 
manipulation of large sheets of paper entails the use of 
large quantities of acid. He recommends that the paper 
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Pig. 5. — Side View. Pig. 6.— Pront View. 

Hyatt's Paper Tearer for Cellulose Making. 
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be torn into fragments as small as possible, and in this 
condition brought into contact with the acid. The action 
of the latter is then more complete and quicker, and a 
comparatively small vessel can be used. 

Thin satin paper is employed, and this is torn into 
small fragments by the apparatus shown as a side view 
in Fig. 5 and in front view in Fig. 6. This device con- 
sists of one or more rotary rollers, A, on which the pap'er, 
B, is wound, the rollers being supported by the bearings, 
A. Only one roller is shown in the drawings. 
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From this roller the paper passes to the guide rollers, 
C, one of which is rotated by friction with the other. 
Each of these rollers is provided with a number of 
circular channels in which rest the guide wires, D, the 
upper ends of these latter being bent back and fastened 
to the bars, E. They extend below the guide rollers, 
and the one set is attached to knife blades, the cutting 
edges of which come in contact with the teeth of the 
rotary breaker, G, so that the paper fed by the rollers, 
C, is torn into very small scraps. 




Fig. 7. — Nitrating Vessels. 

The rollers are mounted in elastic bearings, so that 
they are always pressed, together whether one or more 
layers of paper be passing through. The paper can be 
fed to the machine in sheets instead of in roUs. 

The fragments of paper are next placed in the vessel, 
H (Fig. 7), which contains a mixture of sulphuric and 
nitric acids warmed to about 26-32° C. The vessel is pro- 
vided with a vertical stirrer, I (Fig. 8), which can be 
rotated rapidly and also lifted up out of the acid and 
lowered into the same. 
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This stirrer brings the acid and paper into intimate 
contact, so that the transformation into nitro-cellulose is 
quickly effected, which done, the stirrer is removed, and 
the mass is left at rest for about twenty minutes to com- 
plete the operation. 

The vessel, H, is preferably mounted on a turntable, 
H', by means of which it can be brought into position 
under the crane, J (Fig. 7), which lifts the vessel and dis- 
charges its contents into the hydro-extractor, K. In this 
latter all the excess of acid is expelled from the mass, 
and runs away through the pipe, K', into the acid tank, 




Fig. 8. — Stirrer' for Mixing Aoid. 

0', whence it is returned to the vessel, H, which at the 
same time is charged with fresh acid from the tank, 0^. 

The tanks, 0', 0^, are provided with airtight covers, K^ 
and N, and the acid is raised through the pipes, K^ and 
N', into the vessel, H, by compressed air, admitted through 
the pipes, M' and W. 

3. Methods of the Stains Celluloid Go. — At this com- 
pany's works, near Paris, the nitro-cellulose is made by 
submerging paper, made of cotton and linen and weigh- 
ing about If oz. per square yard, for some considerable 
time in concentrated nitric acid, containing a small pro- 
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portion of concentrated sulphuric acid, the product being 
afterwards laid in water. 

Nitrating Centrifugalisers. 

These machines, which are mainly intended to expel 
from the interstices of the cotton the air which hinders 
nitration, are made in different patterns, but have not 




Fig. 9. — Nitrating Gentrifugaliser. 

found general employment in the celluloid industry. This 
is due to the fact that constant exposure of the mechanism 
to acids and acid fumes results in injury to the former 
and an expensive outlay in repairs. In addition a large 
capital outlay is required to provide a sufficient number 
of machines to enable the cotton to be left for one to two 
hours in the extractors. The most widely used machine 
of this class is that of Selmar and Lange, consisting of a 
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hydro-extractor of the ordinary type, fitted with a per- 
forated iron cage, B, 33 inches in diameter, inside the 
casing, A. The lid is fitted with a hinged cover, C, for 
the introduction of the cotton. It is also provided with 
an 8-inch exhaust pipe for carrying off the acid fumes, 
which are drawn of, in the ordinary manner, by means 
of a fan, and delivered through earthenware pipes to an 
absorption tower. The cage is suspended, in the usual 
manner, by means of a collar-bearing, G, and is revolved 
by a belt pulley, H, mounted on the lower extension of 
the central shaft. A band brake, I, brings the machine 
quickly to a standstill when the process is ended. To 
work the machine, the acid draw-ofi" tap in the bottom 
of the casing is closed, and the acid is run in until the 
vessel is filled to within about an inch of the top. The 
machine is set running at low speed, and about 17 lb. of 
cotton is entered by degrees, which raises the level of the 
acid to within half an inch of the top. The machine is 
then left to itself, with the lid open, there being no ob- 
jection to this as the exhaust fan prevents any escape of 
acid fumes. 

In about twenty minutes the operation is completed, 
the acid is drawn off, the lid closed, and the machine set 
to run at high speed, which done, the cotton is taken out 
with a tongs. The advantage of nitrating with this 
apparatus is that the expelled acid can be easily collected 
and used over again. The apparatus also enables large 
quantities to be treated at a time. 

Collodion Wool. 

This substance differs from gun-cotton by being almost 
inexplosive and by its solubility in a mixture of alcohol 
and ether, in which gun-cotton is insoluble. The method 
of preparation also differs, inasmuch as a highly con- 
centrated nitric acid and a low temperature are employed 
for gun-cotton, whereas in the preparation of collodion 
wool a rather more dilute nitric acid is used, or this 
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acid is replaced by a mixture of nitric and hydrochloric 
acids. Frequently also a high temperature (50-70° C.) 
is used, a weak acid and a warm acid bath favouring 
the production of collodion pyroxylin. 

The collodion wool more particularly used for photo- 
graphic purposes and the manufacture of celluloid, etc., 
mainly consists of tetranitro-cellulose, mixed with tri- 
nitro-cellulose. Owing to the conditions of formation of 
pentanitro-cellulose and dinitro-cellulose, these substances, 
which also are collodion wools soluble in ether-alcohol, 
are not formed to any extent, if at all, in the preparation 
of true collodion wool. 

Methods of Preparing Collodion Wool. 

1. One part, by weight, of cotton is immersed in a 
mixture of 20 parts of sulphuric acid and 9 of powdered 
saltpetre, in which it is left until a small sample, after 
a quick washing with water, squeezing, sufiusing with 
alcohol and squeezing again, is found to dissolve rapidly 
and completely in a mixture of 2 parts of ether and 1 
of alcohol. When this is the case the collodion wool 
is washed thoroughly with water, pressed between linen, 
and left for twenty-four hours in contact with alcohol, 
which dissolves out a small proportion and acquires 
a yellow tinge. The collodion wool is next pressed again 
and immediately dissolved in 2 parts of 90 per cent, 
alcohol and 10-20 parts of ether (sp. gr. 0-73). 

2. Pure cotton, freed from fat by boiling with a solu- 
tion of sodium or potassium carbonate, is placed in a 
mixture of 7 parts of nitric acid (sp. gr. 1-43) and 9 
of pure sulphuric acid, afc a temperature of 54-58° C. 
for five to eight minutes, after which it is squeezed and 
washed. 

3. One part of cotton is left for twelve to twenty-four 
hours at ordinary temperature in a mixture of 7 parts 
of nitric acid (sp. gr. 1-42) and 9 of sulphuric acid 
(sp. gr. 1-833), or 8 parts of nitric acid (sp. gr. 1-39) and 
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20 of sulphuric acid. The collodion wool thus produced 
is then squeezed and washed. 

4. One to I5 parts of cotton are immersed in a mixture 
of 20 parts of nitric acid and 30 of sulphuric acid, cooled 
to 50° C, left therein for twenty -four hours and then 
washed. 

5. To prepare collodion wool from pure satin paper, 
the latter is steeped in a mixture of 275 parts of nitric 
acid (sp. gr. 1'47), 275 parts of sulphuric acid (sp. gr. 184) 
and 75 of water. An alternative mixture is one of 50 
parts of the same nitric acid, 100 of nitric acid (sp. gr. 
1'36), and 100 of sulphm-ic acid (sp. gr. 1-84). Eighteen 
parts of the paper are left in the solution for an hour at 
55° C, during which process it increases about 40 per 
cent, in weight. It is then washed with water. 

6. Schering's coUodion wool chiefly consists of tetranitro- 
cellulose. It has already been mentioned that a coUodion 
wool of analogous composition can be obtained by treating 
cotton for fifteen minutes at 80° C. with a mixture of 
equal parts of nitric acid (sp. gr. 1'40) and sulphuric acid 
(sp. gr. 1-845). 

7. CeUoidin wool is the purest collodion wool, free from 
all organic impurities capable of entering into combina- 
tion with nitric acid, such, for instance, as dextrin, 
xyloidin, nitro-mannitol, etc. 

CeUoidin is prepared by dissolving collodion wool in 
ether-alcohol, precipitating it with water, drying, redissolv- 
ing and then filtering through a special filtering apparatus. 
The solution is precipitated again, and the precipitate re- 
dissolved in a mixture of ether and alcohol and filtered 
as before. 

The clear filtered collodion is freed from ether and 
alcohol by distillation to such an extent that the highly 
viscous residual mass can be poured into moulds while 
still warm. The gelatinous, glue-like mass obtained on 
cooUng is cut up into lumps, each of which contains a 
definite weight of dry, pure collodion. 

This CeUoidin is neither inflammable nor explosive. 
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On ignition it burns like paper, without exploding; 
heated in a test tube it slowly carbonises. It is used for 
photographic purposes almost exclusively. 

Mowbray's Method of Preparing Nitro-cellulose 
OR Pyroxylin. 

The conversion of the raw material into nitro-cellulose 
is generally attended with numerous manipulations, re- 
quiring the constant care of a large number of skilled 
workmen, and thus entailing very high cost of produc- 
tion. For this reason it is highly advantageous to meet 
with a process by means of which, with a smaller staff 
and less supervision, a far cheaper and superior product, 
ready for further use, can be continuously obtained from 
a roll of cellulose paper. The principal new features of 
this process consist: — 

1. In passing the unsized cellulose paper through a 
warm calender, and feeding it direct into and through an 
acid bath. 

2. In feeding a continuous band of cellulose paper 
into an acid bath at the same time as the immersed and 
nitrated portion is being withdrawn. 

3. In pressing the nitrated paper after leaving the 
bath, feeding this pressed, nitrated continuous band 
through a washing liquid and a drying apparatus, dis- 
tributing a solvent on the moving band, and rolling the 
latter up. 

The various parts of the apparatus are shown in 
section in Figs. 10-12, whilst Fig. 13 gives a view of the 
whole, and Fig. 14 represents a modification of the device 
for applying the solvent. 

The frame, 10, which supports both the shaft, 4, and the 
roll of paper, 7, is fitted with a number of superimposed 
hollow drying cylinders, which are warmed by suitable 
means. Between the frame, 10, and the pressure rollers, 
8 and 13, is a tank containing the suitably compounded 
bath of nitric and sulphuric acids for converting the 
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continuous bands of cellulose into nitro-cellulose or pyro- 
xylin. The acid tank contains a pipe, 15, connected with 
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a steam pipe, 17, and a water pipe, 18, by means of a 
T-piece, 16, for the purpose of enabling the temperature 
of the bath to be adjusted when necessary. A feed 
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roller, 19, and carrier roller, 20, with a wiper, 21, are 
mounted near the pressure rollers at the feed end of the 




tank. Between the pressure rollers and the drying 
chamber, 22, are a number of superimposed washing tanks, 
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23, filled with water, and each fitted with a carrier roller, 

24. The latter are rotated in the proper direction by a 
suitable device driven from the shaft, 5, of the pressure 
roller, or in any other suitable way. These carrier 
rollers are preferably covered with an acid-proof coating, 
or shod with rubber. 




Pig. 12. — Mowbray's Nitro-oellulose Apparatus. 

Between the drying chamber, 22, and the roller, 6, is a 
vat, 25, containing a solvent liquid, which is applied to 
or distributed on the moving bands by means of the 
rotary smooth or channelled distributing cylinder, 9. 

The solvent liquid may consist of camphor dissolved 
in water (?), or of water charged with carbonic acid gas ; 
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but no mention is made of any special solvent or of the 
means for rewinding the paper bands, since various 
means for these purposes are available. 

If desired, suitable dyes may be mixed with the solu- 
tion, either by dissolving them therein, or adding them 
ready dissolved. 

Passing over the rollers, 27, mounted at the top and 
bottom of the drying chamber, is an endless belt, 28, 
by means of which the band of paper is carried through 
the drying chamber. This belt, 28, is kept in constant 
motion in any suitable way, such as a belt, 29, driving 
one of the rollers from the intermediate pulley, 9, which 
in turn is driven from the shaft, 6, by a belt or other 
means. 

The shaft, 7, is mounted in bearings that sHde up and 
down in vertical slits on the frame, 10, immediately above 
the driving shaft, 4. 

The cylinder, 31, mounted in this manner, carries a 
perforating device of needle points or the like for the 
purpose of perforating the cellulose paper on its way 
through the acid bath, so as to increase the surface and 
facilitate the penetration of the acid. The winding 
cylinder, 32, mounted at the end of the machine, for 
rolling up the band of paper, may be hollow, and mounted 
in sudi a manner as to receive motion from the roller, 6, 
by friction. The pressure rollers, 8 and 13, are situated 
above a tank, 33; which collects the acid expressed by 
these rollers, which acid is then returned through pipes, 
34, to the acid tank. 

The shafts, 5 and 6, are driven by belting from the 
driving pulleys of the overhead shafting, 1, 2 and 3. 

The unsized cellulose paper rolled on the hollow shaft, 
7, is drawn upward by the rotary perforator, 31, which 
penetrates through one or more layers of the fine paper. 
The latter passes to the topmost drying cylinder, 12, and 
thence downward between the others in succession until the 
bottom one is reached, from whence it goes over the rollers, 
19 and 20, and under the wiper, 21, to the acid tank, 14, 
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In starting the apparatus, two men — one on either side 
of the tank — guide the paper from the rollers, 19 and 
20, to the farther end of the tank, passing the paper up 
and down in the positions indicated by the lines in the 
drawing, this being necessary to prevent the paper from 
getting entangled. The paper remains ten to twenty 
minutes in the acid bath, for nitration, and then, while the 
next following length of paper is being immersed, the 
portion already in the bath is withdrawn. This operation 
takes nearly as long as the immersion. On issuing from 
the acid bath the nitrated paper passes over a guide roller 
to the pressure rollers, 8 and 13, which squeeze out the 
superfluous acid, which, as already mentioned, is collected 




Fig. 14. — Mowbray's Nitro-cellulose Apparatus. 

in the tank, 33, and is run otf through a pipe, 34, to the 
acid tank or an empty tank. 

The nitrated paper is next passed over the first roller, 
24, through the first water tank, 23, and so on, the super- 
fluous water being removed by the wiper. On leaving 
the last water tank the paper is fed to the endless belt, 
28, which conveys it round the rollers, 27, through the 
drying chamber, 22. 

To hasten the drying process the nitrated paper, before 
entering the well-ventilated drying chamber, is brought 
into contact with an absorbent mass that takes up the 
liquid remaining on the surface. 

The endless belt, which leaves the paper band at the 
rollers, 36, passes back, outside the drying chamber, to 
its starting-point, to resume its functions until the entire 
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roll of paper has run off. The washed nitrated paper 
passes over the cylinder, 9, that dips into the solution bath 
and transfers a suitable amount of the solution to the 
paper by means of its smooth or channelled surface. This 
done, and after the nitrated paper has been thoroughly 
permeated by the solution, it is wound on the hollow 
cylinder, 32. Instead of using a distributing cylinder, 
the nitrated paper may be passed through a tank in 
which it is thoroughly steeped with solution. The rate 
at which the paper is moved is under the control of the 
overseer, who can regulate the speed of the motor or the 
driving shafts by suitable means, and thus increase or 
lessen the time the paper is left in the acid bath. Two 
rollers, 37, one in front and the other behind the distri- 
buting cylinder, are mounted on arms, 38, which can be 
raised or lowered by means of screws, 39. By this means 
the rollers, 37, are adjusted with reference to the surface 
of the cylinder, 9, thus pressing the nitrated paper with 
more or less force against the cylinder. 

Camphor. 

Formerly the term " camphor " was a generic name for 
crystalline deposits separating out of ethereal oils, or for 
certain volatile bodies recovered from various vegetable 
or animal substances ; hence the names, Bergamot cam- 
phor, Tonka camphor, cantharides camphor, etc. At 
present, however, the name is restricted to a well-defined 
series of solid ethereal oils, which are distinguished by 
a peculiar smell and by other characteristic properties. 
Chief among these are ordinary camphor and Borneo 
camphor, in addition to which blumea camphor, rose- 
mary-oil camphor, matricaria camphor, lavender-oil cam- 
phor, patchouli camphor, and menthene camphor are also 
known. These latter varieties exhibit in part the same 
chemical composition and same chemical properties as 
ordinary camphor, but differ therefrom physically. 

Of late, artificial camphor has been prepared by round- 
about, synthetical processes. 

d 



34 . celluloid. 

Japanese (Formosa) Camphor, Ordinary Camphor. 

This camphor is furnished by the bark and wood, and 
to a smaller extent, by the flowers and leaves, of Laurus 
camphora, a large tree of the Laurinese family, indigen- 
ous in China and Japan, where it forms whole woods in 
some places. On splitting the wood the camphor is 
found to some extent pure as " tears " or " crystals " ; and 
as much as 22 lb. is said to have been obtained from one 
tree. The camphor tree, which thrives best in a mild, 
damp atmosphere, is widely distributed throughout Japan, 
and occurs in all three of the chief islands, Nippon, Kin- 
hin and Sikok. It thrives best, however, in the south, 
especially in the provinces of Tosa and Sikok, where the 
chief producing centres of camphor are situated. 

The recovery of camphor, as practised in Japan and 
Formosa, is a very primitive process, the wood and 
branches being chopped small and boiled with water in 
iron pans, covered over with earthenware pots or hoods 
filled with rice straw or dry brushwood. Camphor and 
ethereal oils are liberated with the steam, and the cam- 
phor condenses on the rice straw or twigs in the form of 
a grey, granular mass. This mass, which is highly im- 
pregnated with camphor oil, is separated from the twigs 
or straw as far as possible, and then left for the bulk of 
the camphor oil to drain away, and placed on the market 
as crude camphor. 

Dr. A. von Koretz reports on the recovery of cam- 
phor as follows. As soon as a spot has been found 
in the vicinity of a few camphor- trees, the camphor- 
seekers erect 'a camp and a furnace for preparing the 
crude camphor ; and when the supply is exhausted, 
the camp is broken up and a move is made to another 
site. 

The selected camphor-tree is felled, chopped into small, 
regular chips with a hollow-ground, short-handled chopper, 
the roots are dug up and chopped small, and the whole is 
packed into baskets and carried to the furnace. The 
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latter is usually erected on sloping ground, near to run- 
ning water, and is worked as a wet still. 

A small ring of stones, a, serving as a hearth (Fig. 15), 
is surmounted by a shallow iron pan, F, about 25 inches 
across. This in turn carries a perforated cover, E, which 
is luted on with clay, and also serves as the bottom of a 
barrel, B, about 40 inches high and 18 inches in diameter 
at the top. A square opening, D, is provided near, the 
bottom of the barrel, and is closed by a tight-fitting 
board. The whole is surrounded with a thick layer of 
loam, C, held in place by bamboo hoops. The opening 




Fig. 15.— Camphor Furnace. 

at the top is covered with a luted lid, G, containing an 
aperture closed by a plug, K. 

Just under this lid is a bamboo pipe, L, leading to the 
condenser, H, which is a rectangular box, open below, and 
divided into five communicating divisions by partitions. 
This condenser dips into a water tank, and is kept cool 
by running water over the top. 

The lid, G, being removed, the chips are placed in the 
barrel, B, the lid replaced and luted on with clay, and a 
certain quantity of water is poured in through the hole, 
K, on to the chips, whence it trickles down into the pan, F. 
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Heat is now gradually applied, and the water is boiled 
gently with a slow fire for about twelve hours ; the 
steam ascending through the chips extracts all the cam- 
phor and contained oils, which are deposited on the surface 
of the water in the condenser, H. At the end of twelve 
hours the chips are taken out through the opening, D, 
the apparatus is cleaned, and the camphor collected in H 
is packed into barrels. A slight pressure applied to the 
camphor in these barrels suffices to express about 25 per 
cent, of a water-white oil, a further quantity escaping 
through the staves when additional pressure is applied. 
The fairly dry product is generally sent to Osaka, which 
is the chief storage centre for camphor. 

None of the camphor exported has been thoroughly 
purified, the Japanese article being always freed from the 
still adhering oil by distillation on arriving in Europe. 

There are two kinds of crude camphor, one being the 
highly esteemed Japanese or Dutch crude, which usually 
comes on the market in cylindrical form, with plaited 
straw wrappers, and weighing 1-1| cwt. The second 
kind is the Chinese crude camphor, coming from Formosa 
via Canton and Bombay, and packed in lead-lined boxes 
containing ^-If cwt. 

In Europe, and more particularly in England, Holland, 
France and Germany, the crude camphor is purified by 
sublimation, being mixed with a little lime, iron filings 
or ashes and placed in broad, low, wide-necked, flat- 
bottomed glass flasks, which are filled about half full 
and placed on a sand bath. The temperature is rapidly 
raised to about 120° C, and when all the moisture has 
been expelled, the heat is very gradually increased to 
190-200° C. At this temperature the camphor sublimes, 
and collects in the top of the flask as a dense, coherent, 
crystalline mass; camphor oil, which has latterly been 
used as a substitute for oil of turpentine, being recovered 
as a by-product. 

The refined camphor is in the form of concavo-convex 
cakes or loaves, with a central hole corresponding to the 
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orifice of the sublimation flask. The weight of the loaves 
varies between 2 and 11 lb. 

American camphor is very dense, and therefore less 
volatile, owing to having been pressed into cakes, under 
heavy pressure, after sublimation. 

Borneo Camphor (Borneol, Sumatra Camphor, 
Camphol, Baros Camphor). 

This product is obtained from Dryobalanohs camphora, 
which is indigenous in Sumatra, Borneo and Java. It 
collects in cavities in the old stems, but is also said to 
collect when cavities are made in young ones. The 
trees die quickly after this operation, and the hollows 
are then found to be more or less full of Borneo camphor. 

This camphor occurs in small, transparent, white pul- 
verulent crystal fragments, which seldom unite to form 
large lumps. It is white, translucent to transparent, 
and rather brittle ; the smell recalls both camphor and 
pepper, and the taste is sharp and biting. 

Borneo camphor melts at 198° C. and boils at 212° C, 
both these figures being higher than those of ordinary 
camphor. It is lighter than water, in which it dissolves 
with difiiculty, but has the same rotatory index as or- 
dinary camphor, is readily soluble in alcohol and ether, 
and when heated with nitric acid is converted into or- 
dinary Japanese camphor, a property of which use might 
be made if this variety were put on the European market 
in larger quantity. 

Properties of Camphor. 

Pure camphor melts at 175° C, but sublimes even at 
the ordinary temperature, as is shown by the deposition 
of crystals on the sides of ordinary closed vessels in which 
camphor is stored. It crystallises in the hexagonal form, 
and when the crystals are allowed free development, as 
hexagonal tables. It is readily soluble in concentrated 
acetic acid, but almost entirely insoluble in water, 1 
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part of camphor requiring over ],000 of water for its 
solation (1,300 parts at 20' C). The alcoholic solution 
has a strong dextro-rotatory effect on the plane of 
polarised light. The crystals exhibit double refraction, 
but no rotatory polarisation. At 12° C. the sp. gr. is 
0'995, but at 6° C. and under, the density is almost exactly 
that of water, so that camphor crystals scarcely sink at 
all in very cold water. A more remarkable property of 
pure camphor is that of spontaneous motion on the sur- 
face of water, whereas if contaminated with camphor 
oil or other impurities it usually no longer exhibits this 
power. In an unaltered state camphor is ptilverisable 
with difficulty, but becomes pulverulent when moistened 
with alcohol or other solvents. Pure camphor has an 
aromatic, rather bitter taste, somewhat heating at first, 
but afterwards cooling. It is readily inflammable and 
burns with a smoky flame. 

According to reliable reports and certain observations 
made by Professor Wiesner, no adulterations have yet 
been detected in camphor. 

Camphor possesses the peculiar property of depriving 
collodion wool and gun-cotton of their tendency to inflam- 
mability and explosibility, a fact which is utilised in the 
manufacture of nitro-glycerine. 

Nobel found that a special kind of collodion wool dis- 
solves completely in nitro-glycerine, and furnishes there- 
with a gelatinous or gummy substance that is much 
more powerful than kieselguhr djmamite. By the 
addition of certain substances (acetone, benzol, nitro- 
benzol) that are soluble in nitro-glycerine, it was found 
possible to render the new explosive highly insensitive to 
the chemical impulses that induce explosion, without 
unduly affecting the power of the explosion itself. 

Trauzl pursued the matter further and found that the 
addition of a very small proportion of camphor (which is 
exceedingly soluble in nitro-glycerine) furnished an ex- 
plosive that is highly insensitive to mechanical influences, 
and especially to shots fired even at a short distance away. 
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The preservative action of camphor on blasting gelatine 
is really remarkable. When 10 per cent, of camphor is 
added the blasting gelatine can no longer be made to 
explode at all by gradual heating, the mass merely scin- 
tillating slowly. When heat is apphed rapidly the ex- 
plosion temperature is too high to be accurately measured 
with the appliances hitherto available. 

This remarkable property of camphor to suppress the 
ready explosibility of the two most powerful explosives, 
nitro-glycerine and gun-cotton, is also exercised in the 
case of celluloid, the explosibility of coUodion wool being 
entirely prevented by dissolving it in camphor. At 
present, however, the viodus operandi of the camphor, 
and the nature of the combination between camphor and 
collodion, from which celluloid is formed, remains in 
complete obscurity. 

Artificial Camphor. 

The raw material for the production of artificial cam- 
phor is oil of turpentine, or other terpene oils, the process 
of the Ampere Electro-chemical Co., of Jersey City (N.J.), 
for example, being based on the action of turpentine on 
compounds (such as oxalic acid), capable of introducing 
the CO, OH groups into the molecule of turpentine in 
such a manner as to form ethereal derivatives that can be 
converted into camphor by suitable oxidation. Five 
parts, for instance, of anhydrous turpentine are mixed 
with one of anhydrous oxalic acid, and the mixture is 
heated to temperatures below the boiling-point of tur- 
pentine, i.e., below 120-130° C. A reaction occurs 
between the oxalic acid and the turpentine, a mixture 
of camphor and borneol being formed. These products 
are separated from any accompanying by-products by 
the aid of steam, and oxidised with potassium bichro- 
mate and sulphuric acid to convert the borneol into cam- 
phor, the change being effected by the introduction of one 
molecule of oxygen and the elimination of one molecule 
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of water. Borneol itself is formed from turpentine and 
formic acid. According to the Porchester Chemical Co., 
of New York, artificial camphor is obtained by allowing 
oil of turpentine (free from ether) to act on oxalic acid at 
a suitable temperature, the mixture being then treated 
with lime, the resulting camphor and borneol distilled 
off and the latter oxidised to camphor. According to 
Woods (London), terebin monohydrochloride, prepared 
by acting on American turpentine with hydrochloric acid 
gas, or by sublimation in a current of steam, is converted 
into solid camphene by boiling it with sodium acetate and 
a caustic alkali or carbonate. The camphene is oxidised 
into camphor by heating with an alkali permang&nate, 
chromate, bichromate, ferrate or chlorate, and very dilute 
sulphuric acid. Camphor can also be prepared from 
camphoric acid (obtained from American oil of turpen- 
tine) by reduction with nascent hydrogen and boiling 
with camphene in presence of sodium acetate or formate. 

Camphor Substitutes. 

A number of substances have been proposed as substi- 
tutes for camphor, by reason of its high price and pun- 
gent smell, but up to the present none of them can be 
regarded as perfect. Among those proposed for this pur- 
pose, especially in the manufacture of celluloid, may be 
mentioned : naphthalene, naphtyl acetate, phenoloxylacetic 
acid, naphtholoxylacetic acid, with their anhydrides and 
esters, methylnaphthylketone, dinaphthylketone, methyl- 
oxynaphthylketone, dioxynaphthylketone, and deriva- 
tives of aromatic sulpho acids of the general formula 
RSOjA, in which R represents an acid radicle or a sub- 
stitution product of the same, and A either an aliphatic 
(or aromatic) ether radicle, or a singly or doubly substi- 
tuted amido group. Others are : neutral phthalic acid, 
alkyl or alphyl esters, esters of the examine and oxanil 
acids, inorganic esters of phenol and naphthol (especially 
with phosphoric acid, e.g., triphenyl phosphate), halogen- 
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substituted aromatic hydrocarbons, both mono- and poly- 
substitution products, such as dichlorobenzol, etc., acetyl 
derivatives of secondary aromatic amines {e.g., acetyl 
diphenylamine, acetyl phenyltolylamine, etc.), carbonates 
of phenols, cresols or naphthols, acid or neutral esters of 
sebacic acid, thio derivatives of the phenol esters (e.g., 
triphenylthiophosphate), organic esters of sugars (e.g., 
glucose dibutyrate, lactose, tartaric acid, saccharose acetate 
etc.), cellulose acetate, nitro products from the distillation 
of petroleum and mineral oils, acetochlorhydrins, acetines, 
benzicines, esters of phthaUe acid or its anhydride, or 
esters of succinic acid and aliphatic alcohols, etc., a and 
^ phenynaphthalene, a and ^ benzylnapthalene, a and j8 
dinaphthyl, a and ^ dinaphthylmethane, phenol-alcohol 
esters of phosphoric acid and halogen-substitution pro- 
ducts of same, halogen-substitution products of triphenyl, 
tricresyl and trinaphthyl phosphates, diphenylcresol phos- 
phoranUide, alkyl and alphyl esters of aromatic sulpho- 
acids, nitronaphthalene, phthalic anhydride, phthalonic 
acid, benzoltricarbonic acid and esters of these compounds, 
acetyldiphenylamine, triphenyl phosphate, amylidene 
dimethyl and diacetyl ether, and formylated albumin. 



CHAPTER II. 

THE MANUFACTURE OP CELLULOID. 

The fundamental principle underlying the manufacture 
of celluloid is the property of nitro-celluloses (gun-cotton 
or collodion wool) of dissolving, under certain conditions, 
in camphor and forming therewith the new product in 
question. This solution takes place when nitro-cellulose 
is warmed, under pressure, with camphor or an alcoholic 
solution of same, or when brought into contact at the 
ordinary temperature, with a solution of camphor in 
ether or wood spirit. 

It is easy to understand that the manufacture of cellu- 
loid is not without danger, though, given a little care, 
the risks are not so immense as the opponents of celluloid 
originally tried to make out. 

Among the least dangerous of the methods to be now 
described should be ranked that in which fused camphor 
is employed under pressure, since in this case the gun- 
cotton is kept in a wet state, and therefore almost free 
from risk, up to the moment when it is changed into 
celluloid hy the camphor and thus loses the power of 
exploding. 

It is open to question, however, whether celluloid is 
still prepared by this roundabout and lengthy method in 
Newark, the answer being probably iu the negative in 
view of the far more convenient methods of manufacture 
by the cold process. 

(42) 
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The so-called alcohol process was formerly used in the 
Stains works, but was attended with the defect that the 
air-dried and rolled celluloid plates obstinately retained 
a considerable amount of alcohol, the centres keeping 
moist even when the plates were quite dry outside. 

The most dangerous is the Magnus method, both on 
account of the risk attending the drying of the cotton, 
and on the other hand of the volatility of the ether and 
the risk of an explosion of the ether-laden air in the 
absence of efficient ventilation and presence of a light. 

With the exercise of sufficient care, these dangers can 
be reduced to a minimum. The method introduced at 
Stains, using wood spirit, is safe in so far that this spirit 
begins to boil only at 65° C, and is therefore less likely 
to liberate explosive vapours at the ordinary temperature 
than ether which boils at 35° C. 

The reactions going on in the formation of celluloid 
have not yet been identified. It is, however, hardly 
probable that the camphor and gun-cotton enter into 
chemical combination, since in observing the behaviour 
of burning celluloid, by igniting it and blowing out the 
flame, it is found to glow for a short time longer, strong 
fumes of camphor being given off at the same time. 
Apparently, in this case, the propagation of combustion 
is confined to the gun-cotton or collodion wool, the cam- 
phor being heated sufficiently to volatilise but not to 
ignite. This behaviour during incomplete combustion 
shows that camphor and gun-cotton exist side by side 
in celluloid. Hence the formation of celluloid must be 
classed along with the physical processes analogous to 
those concerned in the manufacture of leather for instance. 
The hides of animals when placed in contact with tannin 
are converted into leather, the tannin being precipitated 
on the fibres of the skin, which it envelops and prevents 
them from sticking together in drying. This simple 
physical process, however, is accompanied by considerable 
changes in the properties of the animal fibres, the hard, 
stiff hide, liable to putrefaction, being converted into non- 
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putrefactive, flexible, supple leather. Similarly, it may- 
be imagined that, in the formation of celluloid, the proxy- 
lin dissolving in the camphor fills up the minute pores 
of the latter, and that this physical intimate juxtaposition 
and fusion of the two substances will probably also 
result in the fusion of their chemical properties. 

Manufacturing Celluloid by the Aid of Heat 
AND Pressure. 

1. Hyatt's Process. — The process of the brothers Hyatt, 
of New York, consists in dissolving gun-cotton in molten 
camphor. The nitro-cellulose for this purpose is pre- 
pared by treating satin paper with a mixture of nitric 
acid (2 parts) and sulphuric acid (5 parts), sprayed on to 
the paper as it is unwound from a roll. In this stage 
of the process the greater part of the paper is converted 
into nitro-cellulose or pyroxylin. It is next immersed in 
a trough filled with acid, in which it is left for some time, 
being then removed into a vessel where it is washed with 
water to remove the superfluous acid. The washed pyro- 
xylin forms a plastic mass, which is collected into lumps, 
subjected to considerable pressure, dried and broken up 
again, the lumps being drained in a hydro-extractor, com- 
minuted and mixed with the camphor. 

According to other reports the washed and dried nitro- 
cellulose is put through a breaking machine along with 
water, the latter allowed to drain off", and the mass sub- 
jected to very powerful pressure in a perforated vessel 
to expel the rest of the water and furnish a comparatively 
solid body, which, however, must retain suflScient moisture 
to prevent ignition in the subsequent stages of treat- 
ment. This mass is mixed with the camphor under 
water, kneaded, rolled, mixed at the same time with 
colouring matters and with other substances that are not 
disclosed by the makers, the object being to impart 
certain properties, such as transparence, etc., to the pro- 
duct. The usual proportions of the mixture are : 1 
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part of camphor fco 2 of pyroxylin, though other pro- 
portions also furnish good results. When mixing is 
complete the mass is well pressed, to expel any watery 
constituents still present, and in addition, to bring the 
particles of camphor and pyroxylin into still more 
intimate contact to facilitate the solvent action of the 
former. The dried and pressed mass is transferred to 
a mould of the desired form, in the upper aperture of 
which fits a plunger which is forced down on the mass 
in a hydraulic press. While the mass is still under 
pressure it is heated by steam to about 130° C, a lower 
temperature, however, being sufEcient for small quantities. 

Under this conjoint influence of heat and pressure the 
solvent action of the camphor is exerted in a high degree, 
and the formation of celluloid proceeds very rapidly, 
being completed almost as soon as the maximum tem- 
perature has been attained. 

On leaving the press the celluloid is hard, but remains 
elastic, and can be resoftened by warmth or by dipping 
it in boiling water ; and it can be also cut into sheets of 
varying thickness. 

2. Tribouillet and Besancde's Process. — One hundred 
parts of pyroxylin are intimately mixed with 42-50 
parts of camphor, the mixture being wrapped in a very 
strong cloth, then in a horsehair press-cloth and placed 
in a warm press. Steam is admitted into the jacket of 
the press, which latter is also provided with a chamber 
containing a water spray to condense the vapours of the 
solvent disengaged in the operation, and enable them to 
be recovered for use over again. After an hour or more 
the cakes remaining in the press-cloths are transferred 
to a heated cylinder press, and thence to a chamber 
(measuring.about 150 cub. ft.) containing calcium chloride 
or sulphuric acid to absorb moisture, and connected with 
an air-pump to facilitate the drying process. 
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Manufacture of Celluloid by Dissolving Gun- 
cotton IN AN Alcoholic Solution of Camphor. 

A weak alcoholic solution (about 1 part in 8) of 
camphor is used, this being capable of dissolving pyroxylin 
when hot, though not at the ordinary temperature. 

The gun-cotton is ground to pulp, mixed with the 
necessary colouring matter, and pressed to expel the 
watery liquid. The solvent is next added, in the pro- 
portion of 1 part to 2 parts of the pyroxylin, and 
stirred up well, the whole being left in a covered vessel 
until the solvent has permeated the entire mass. This is 
a matter of no difficulty, the camphor solution dissolving 
its way in. Finally the mass attains the same consistency, 
etc., as that prepared under pressure as already described. 

Preparing Celluloid by the Cold Process. 

Preparation with an Ethereal Solution of Camphor. 
— -Fifty parts, by weight, of collodion wool are placed in 
an earthenware vessel and suffused with a mixture of 
100 parts of ether of sp. gr. 0'728 (or 100 parts, by volume, 
of ether and 5 of alcohol) and 28 of camphor. The vessel 
is covered with a loaded caoutchouc plate to prevent 
rapid volatilisation of the ether, which cover is removed 
at intervals in order that the mixture may be stirred. 
The greatest care must be exercised in carrying out this 
process on account of the great inflammability and ' low 
boiling-point (35° C.) of the ether, constant and efiectual 
ventilation being essential. In the Magnus works all 
the windows are kept open in the rooms where the cellu- 
loid is being made, in order to prevent any accumulation 
of ether vapour (which forms an explosive mixture with 
air). The mixture finally becomes a transparent, sticky, 
gelatinous mass. The bulk of the ether volatilises during 
the process, and is not recovered. 

The crude celluloid is rolled between a pair of super- 
imposed calendering rollers until it becomes plastic. The 
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rolled, viscid sheets are exposed to the air, and when a 
certain degree of hardness is attained they are warmed 
and subjected to powerful pressure. This is done because, 
up to a certain point, the valuable properties of celluloid 
are improved in proportion to the pressure applied. The 
press plates are arranged as follows : first an iron plate, 
on this a zinc plate, and on the latter the sheet of cellu- 
loid to be pressed, this being covered with a zinc plate 
topped by one of iron. Of course a number of these 
sets of plates can be placed one above another. 

This ether process is only suitable for sheets or rods 
of moderate thickness, since a thickness of two-fifths of 
an inch takes ten days to harden. 

Magnus used Schering's coUodion wool to some extent, 
and also imported pyroxylin, the latter being — -in accord- 
ance with the law — carried in a wet, compressed state 
(minimum water- content, 25 per cent.), and therefore 
having to be dried before use. So far as is known, the 
drying process, in the Magnus works, was performed on 
hot iron plates : this of course necessitating extreme 
care, and the employment of a temperature not over 
60-70° C. 

The imported pressed material cannot be dried direct, 
as in its tangled condition it would greatly retard the 
solvent action of the ether and camphor. On this 
account it must, therefore, be pulled apart before drying. 

To obtain good celluloid by the ether process it is 
also highly important that the wool should be dry and 
perfectly free from acid, otherwise the celluloid is cloudy. 

Preparation with a Solution of Camphor and Wood 
Spirit. — The gun-cotton, after being pulped with water, 
is treated with a mixture of camphor and wood spirit 
(methyl alcohol), the principle of the method being 
identical with that of Magnus. The crude celluloid is 
also dried in the same way as in the Magnus process. 

An essential preliminary to success in carrjdng out the 
process is the removal of moisture; and for effecting 
this purpose J. R. France, of New York, has patented a 
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process, based on the application of hydraulic pressure 
to removing water, efficiently and cheaply, from large 
quantities of nitro-cellulose pulp, without risk of explosion. 

The extremely sensitive nature of the nitro-celluloses, 
especially their tendency to explode under pressure when 
in a dry state, renders the removal of the moisture 
difficult and dangerous. The method proposed for over- 
coming these defects is illustrated in Figs. 16-21. 

Fig. 16 is a perspective view of the apparatus, but with- 
out the cage, which has been removed. Fig. 17 is a 
vertical section, with the cage shown in position. 

Fig. 18 is an enlarged horizontal section along the line 




Fig. 16. — France's Drying Apparatus. 

3-3 of Fig. 17, whilst Fig. 18a is a similar section along 
the line 4-4 of Fig. 17. 

The press chamber, of suitable construction, is mounted 
on the base plate, 2, and terminates at the top in a dome 
or press plate, 3 ; 4 is the cylinder and 6 the plunger of 
the hydraulic press, the plunger passing through the 
opening, 8, of the lower press plate. This plate carries a 
plate, 7a, fitted with a flaiige, 13, and a well, 9, forming 
the connection with the press chamber or cage and 
fitted with a discharge pipe, 10. The flange, 13, supports 
the lower edge of the cage or press chamber, 14, which is 
made up of sections, as shown in Figs. 19-21. The cage 
can be taken apart at the opposite ends, so as to make 
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the interior accessible. One half of the cage is fitted 
with a rib, 14a, and inward flange, 146, which fits against 
the_ inner surface of the cage. Above is a second rib, 14c, 
which can be either detachable or made in one piece with 
the other half of the cage. Inside is mounted a false 
bottom, 15, which fits easily, resting on the flange, 146. 
It is perforated with holes, 16, and provided with channels, 
17, round the outside. To facilitate handling, the cage 




Fig. 17. — Prance's Drying Apparatus. 

is preferably made of wood, lined with zinc. Inside 
the frame, 1, of the press, and over the plate, 7, is a 
press chamber, 18, which is divided cornerwise, the two 
halves being connected together by hinges. When this 
chamber is closed, the sides surround the flange, 13, of 
plate, 7 a. The outside of the chamber is provided with 
ribs, 19, and sockets, 20, to receive the bolts, 21, for closing 
the chamber. The bolts carry wing nuts, by means of 
which the joints can be tightly closed, the said joints being 

4 
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lined with strips of packing material, 23, in the grooves, 
24. The press chamber encloses the cage, on which rests 
the flange, 13, of the plate, 7a. 





Fig. 18. — Prance's Drying Apparatus. 

At the top of the press is a strong transverse wall, 25, 
forming the press head. This wall is pierced with holes, 
26, extending to an upper chamber, 27, divided by parti- 
tions, 28, provided with openings, 29, above and below. 
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In connection with these two chambers are two pipes, 
30 and 31, each provided with a tap, 34, and leading to 
an air compressor, 32, and an alcohol tank, 33, respectively. 
A pipe, 34a, that can be closed by means of a tap, 35, leads 
from the bottom of the chamber, 27, to the outlet pipe, 10. 






Figs. 19-21. — Prance's Drying Apparatus. 

On a level with the press is arranged a special form of 
weighing machine, the object of which will be explained 
later. If necessary, electric contacts, 38 and 39, can be 
provided on the beam of the machine and connected by 
wires with the bell, 40. 
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The apparatus is employed in the following manner. 
The nitro-cellulose coming from the washing tank is 
placed in a hydro-extractor which is kept running until 
the pulp contains about its own weight of water. The 
mass is then taken out and made up into lumps weighing 
about 2 lb. each. A piece of muslin having been placed 
on the false bottom, one of the lumps of nitro-cellulose is 
laid on it and covered with a second layer of muslin. On 
this again is laid another lump of nitro-cellulose, and so 
on until the cage is full. The cage being inserted in 
the press chamber, the latter is fastened up, and the hy- 
draulic press set in motion, the plunger rising and lifting 
the false bottom, 15, thus pressing the nitro-cellulose be- 
tween the latter and the press head, 25. The pressure 
is raised to about 400 lb. per square inch, and this is 
maintained for an hour, during which time the expressed 
water runs down through the holes, 16, and channels, 17, 
of the false bottom into the well, 9, of the plate, 7a, and 
away through the pipe, 10, whilst the water forced up- 
ward through the cross wall, 25, is drawn off through the 
pipe, 34a, to the pipe, 10a. 

After the pulp has been pressed for about an hour, the 
tap, 34, is opened to admit air from the compressor, 32, 
this air penetrating the pulp and driving out most of 
the residual water therein. The compressed air is ad- 
mitted for some Uttle time after the water has ceased 
to flow, and then the tap is turned off and 90 per cent, 
alcohol is admitted to the chamber, 27, from the alcohol 
tank, 33, by opening the tap, 31. From this chamber 
the alcohol trickles down by gravitation through the cross 
wall, 26, and through the nitro-cellulose pulp, driving in 
front of it the traces of the heavier liquid, water, still 
left therein. 

Practical experience with this apparatus has shown 
that about 30 per cent, of the water is expelled from the 
nitro-cellulose by the pressure employed, and a further 
20 per cent, by the use of compressed air afterwards, so 
that only about half the original quantity of water is 
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left in the mass. This initial weight of water being 
known, the degree of drying obtained can be easily- 
ascertained by collecting the effluent water in a vessel, 
41, placed on a suitably counterpoised balance, 37. When 
the ringing of the electric bell, 40, indicates that sufficient 
water has been collected in the vessel, 41, the tap admit- 
ting the alcohol is closed and the vessel, 41, is replaced 
by another to receive the mixture of alcohol, which drains 
away from the nitro-cellulose and can be distilled for 
recovering the alcohol. The compressed air tap is turned 
on again and the alcohol expelled untU the nitro-cellulose 
contains 40-50 per cent, of its own weight of that liquid, 
whereupon the air supply is stopped, the press plunger 
is lowered and the press chamber opened. The cage now 
contains the nitro-cellulose or pyroxylin in compact layers, 
separated by the sheets of muslin, and therefore easily 
detachable. The amount of camphor necessary to fully 
convert the nitro-cellulose or pyroxylin into celluloid is 
now placed, along with the colouring matters and pig- 
ments, between the several layers of material, which are 
next piled up in zinc-lined chests and covered up tightly, 
to be stored until they can be rolled in the usual way. 

To enable the pressure in the apparatus to be regulated 
according to requirements, a pressure gauge, 42, is 
mounted on the hydraulic cylinder. 

The apparatus and method possess the following ad- 
vantages. 1. The rapid expulsion of water from the 
pyroxylin, thus enabhng a large quantity to be dealt 
with daily at a low cost. 2. Uniform distribution 
of the solvent, so that all parts are impregnated with 
alcohol, thus facilitating the further treatment with 
solvents. 3. Absence of danger in the drying process, 
the pressure applied to the pulp being low, and the pulp 
itself remaining moist throughout. The method is rapid, 
simple, reliable and cheap in operation, and the alcohol 
remaining in the nitro-cellulose, and afterwards combin- 
ing with the camphor, can be recovered by distillation. 



CHAPTER III. 

THE EMPLOYMENT OF PYROXYLIN FOR ARTIFICIAL SILK. 

Within a comparatively brief space of time there has 
arisen an entirely new industry, that of the manufacture 
of artificial fibrous materials from dissolved nitro-cellulose, 
which products are destined to provide the textile in- 
dustry with a new material, artificial silk, that 'is al- 
ready largely used. 

Hilaire de Chardonnet was the first to take out a 
patent for making weavable threads from liquids obtained 
by the use of alcohol, ether, a reducing metallic proto- 
chloride, a small quantity of an oxidisable organic base 
and pyroxylin, the product being drawn out by means 
of special appliances into fine threads, which were then 
hardened. To prepare the solution, 100 grms. of pyroxy- 
lin, 10-20 grms. of a reducing metallic proto-chloride 
(ferrous, chromous, manganous or stannous chloride), 
about 0'2 grm. of an oxidisable organic base (quinine, 
aniline, rosaniline) were used along with 2-5 litres of 
a mixture of 40 per cent, ether, 60 per cent, alcohol 
and dissolved colouring matter, the pyroxylin being dis- 
solved in the greater portion of the alcohol-ether mixture, 
while the rest was employed to dissolve the metallic proto- 
chloride, the organic base and the colouring matter, the 
two solutions being afterwards united. When the hot 
liquid prepared in this way is allowed to escape through 
a fine nozzle surrounded by a cooling liquid, the superficiail 
portion of the thin stream of collodion-like liquid sets 
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immediately, and thereby forms a solid thread. This 
thread represents an external, solid tube, enclosing an in- 
ternal fluid column. The threads can be drawn out still 
finer in the air>^d resemble silk in their lustre. 

The apparatus originally used by Chardonnet (Figs. 22 
and 23) consists principally of organs for spinning the 
collodion, capillary tubes, a (Fig. 22), surrounded by a 




Fig. 22. — Ohardonnet's Artificial Silk Apparatus. 

tube, k, filled with water. These organs are arranged, in 
the patented machine, about a main tube, B (Fig. 22), 
which is surrounded by two channels, C, provided with a 
circulation of water. The working orifice of each spin- 
ning organ is surrounded by a lightly gripping pair of 
tongs, m, made of two flat springs, and all these tongs 
receive through bell-cra.nk levers, o, and bent arms, pp. 
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a rising and falling swing motion from the spinning or- 
gans to the bobbins or reels, in such a manner that newly 
formed threads, just running over the edge of the spin- 
ning organ, or thick breaking threads, stick to the tongs 
and are conducted to bobbins, whereas the tongs rise and 




Pig. 23.— Ohardonnet's Artificial Silk Apparatus. 

fall empty so long as the threads do not break in spinning. 
A rotary brush, H, cleans the tongs on reaching the upper 
limit of motion. The spindles, S, of the bobbins, R, for 
winding the silk are mounted on loose cheeks, P, of the 
revolving shaft, O, and carry small rollers, V, which 
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make contact with the periphery of cams, Q, mounted on 
the shaft, with the result that all the bobbins turn simul- 
taneously and the cheeks also are moved simultaneously 
for the purpose of replacing the full bobbins by empty 
ones. The machine is enclosed in a casing, traversed by 
a current of warm air to remove the vapours of ether 
and alcohol, and convey them, for purposes of recovery, 
through a series of condensers, the first of which contains 
a concentrated solution of sodium carbonate, the second 
and third being charged with concentrated sulphuric acid. 
The bulk of the alcohol and ether settles down on the 
sodium carbonate solution, whilst the remainder is ab- 
sorbed by the sulphuric acid. 

Other inventors occupied themselves with the develop- 
ment of Chardonnet's invention, and a few of the methods 
elaborated may be mentioned here. 

Vivier, for instance, dissolves gun-cotton or cellulose in 
the strongest acetic acid, with the addition of a little 
gelatine. The cellulose is obtained from the powdered 
fibres of black poplar or boxwood, nitrated by the usual 
method. 

E. Breuer patented a process for producing coloured 
threads (or with metallic lustre) from collodion without 
spinning. A roller, of metal or other solid material, is 
coated, first with a layer of collodion, then with dissolved 
glue, then with more collodion, and so on alternately, 
until a certain desired thickness is obtained. The roller 
prepared in this way is put in a screw-cutting lathe, and 
the coating is cut through spirally, furnishing a con- 
tinuous thread that can be unwound off the roller and 
reeled. 

According to H. de Parville, collodion wool is dissolved 
in a mixture of ether and alcohol, and the resulting solu- 
tion is placed in a tinned copper vessel, in which a pressure 
of several atmospheres is generated by means of an air- 
pump. In the bottom of this vessel is a sloping surface, 
in which are mounted a number of vertical glass tubes, 
terminating in fine nozzles. A second tube surrounds 
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each of the first, and by means of suitable connections 
enables a slow circulation of water to be maintained 
round the tubes communicating with the vessel. 

Under the influence of the pressure the collodion 
gradually issues from the capillary openings of the tubes, 
and solidifies as soon as it comes into contact with water. 
The threads are seized by an automatic reel and wound 
on revolving bobbins. After denitration the threads 
are gelatinous, can be easily impregnated with colouring 
or saline matters, are no longer explosive, and can be 
rendered incombustible by passing them through am- 
monium phosphate. 

The method of F. Lehner consists in the use of a 
mixture of copal or sandarach, linseed oil, nitrated cellulose 
and a salt that prevents combustion. Three solutions 
are prepared from these ingredients, and mixed. The 
first solution consists of 500 parts of finely powdered 
copal or sandarach in 2,400 parts of ether, the two being 
shaken up in a tightly closed flask at a medium tempera- 
ture, left to clear, mixed with 100 parts of hnseed oil and 
filtered. The second solution is prepared by immersing 
satin paper cellulose, cotton or spinning waste in a solution 
of ammoniacal copper oxide (10 parts of copper sulphate 
in 100 parts of ammonia of sp. gr. 0'975) for about 
fifteen minutes, the proportions being about 1,000 parts 
of cellulose material to 12,000 parts of solution. This 
causes the fibres to swell up, and facilitates nitration. 
The mass taken out of the bath is thoroughly washed in 
a large volume of warm water, squeezed and well dried. 
It is then introduced, in a flocculent state, into a mixture 
of 4 parts of sulphuric acid (sp. gr. 1'84) and 3 of 
nitric acid (sp. gr. 1'4) warmed to 75° C. and well stirred, 
the acid being poured off after five minutes. The result- 
ing nitro-cellulose is thoroughly washed with water, dried, 
suffused with wood spirit (9 parts to 1), shaken up until 
completely dissolved, and set aside for a week in a cool 
place to clarify, the clear liquid being poured off from 
the sediment. Solution three consists of 100 parts of 
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sodium (or ammonium) acetate in 1,000 of dilute spirit of 
wine, the solution being filtered. 

These three solutions are mixed together, so that for 
each 1,000 parts of nitro-cellulose there are 200 of copal 
or sandarach, 50 of linseed oil and 100-200 parts of sodium 
(or ammonium) acetate. This mixture, the basis of the 
threads, is allowed to escape through a narrow orifice, 
the solvent being evaporated by warmth and condensed 
for use over again. 

In the apparatus employed the mixture escapes from 
a reservoir, through a pipe and on to a moving smooth 
surface, namely, a cylinder slowly revolving on a shaft. To 
hasten the hardening of the soft threads, the part of 
the cylinder behind the nozzles is covered with a casing 
that is kept at a high temperature by means of a steam- 
pipe. The radiant heat quickly evaporates the solvent 
in the tlireads on the cylinder and solidifies them. The 
motion of the cylinder forces the evaporated solvent into 
a space where it is condensed by a cooling vessel sur- 
rounding the cylinder, and drains away at the bottom. 
This cooling space is fitted with perforated baffles to 
guide the vapours into contact with the cooling surface. 
The hardened threads are continuously removed from the 
cylinder (which is enclosed at every other part), any 
broken threads being lifted from the surface of the 
cylinder by a rotary brush. The cylinder is kept dry 
by contact with a pad of felt. If the threads issuing 
from the nozzle be brought into contact with a finished 
thread of other material, such as cotton or wool, a mixed 
thread is obtained, which is drawn off in the same way ; 
■ or the thread can be impregnated with a mixture before- 
hand and then passed through the machine. Instead of 
a moving surface, a fixed surface and movable nozzle can 
be employed in forming the' thread. 

These older methods and devices have, in the course of 
a few years, been succeeded by a number of others, relat- 
ing to either an improvement in the spinning process, 
accelerating the hardening, washing and denitrating, or 
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impregnating the threads with flame-proofing salts. It 
would be beyond the scope of the present work to go 
into these processes more closely, and it will be sulEcient 
to say that both fine threads of artificial sUk and coarse 
threads in imitation of bristles are now produced by this 
means. 

Deniteating and Colouring Pyroxylin. 

Owing to the high inflammability of nitro-cellulose and 
the explosibility of the higher nitro-compounds, a desire 
has long existed that the cellulose should be denitrated 
before putting it through further treatment. Here 
again Chardonnet, the inventor of artificial silk, was the 
first to employ a fairly suitable method for this purpose, 
by treating the pyroxylin in a bath of nitric acid, diluted 
with water to the sp. gr. 1"32, and maintained at a 
temperature of 32-35° 0. The pyroxylin gradually parts 
with its nitric acid and in a few hours changes into a 
lower category than tetranitro-cellulose, i.e., it contains 
over 6-6^ per cent, of nitrogen. 

The desired denitration can be determined by analysis, 
either by the Schloesing method (liberation of nitric 
oxide in presence of hydrochloric acid and ferrous chlor- 
ide), or by a solution test ; and the fact that denitration 
is effected by this process has been demonstrated by 
numerous analyses. The operation is nearly completed 
when the substance ceases to be attacked by the usual 
solvents of collodion wool, viz., ether-alcohol, nitrous 
ether, etc. The material is then Washed with lukewarm 
water and dried in a current of warm air. The comple- 
tion of the operation is indicated by the incipient soften- 
ing of the pyroxyhn. 

In this reaction the liquid concentrates in proportion 
to the nitric acid abstracted from the pyroxyhn; the 
same bath can be used over and over again after being 
restored to the desired concentration. This factor and 
the temperature of the acid may be varied between wide 
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limits, the length of the reaction varying inversely with 
the warmth and concentration of the nitric acid. 

To colour the pyroxylin, it is washed with lukewarm 
water on leaving the bath, then dipped in a bath of dye, 
rewashed in cold water and finally dried in warm air. 
When the method is apphed to artificial silk, it is un- 
necessary to introduce metalHc proto-chlorides and oxid- 
isable organic bases or alkaloids into the solution for the 
purpose of reducing the explosibility of the spun collodion. 

Various reducing organic substances, and even pure 
water, will denitrate pyroxylin, but in a smaller degree 
than nitric acid. At temperatures above 15-20" C, 
pyroxylin and alcohol react quickly enough ; hence, in 
denitrating artificial silk it is preferable to operate in the 
cold. 

Collodion cast into plates and moulded in various ways 
can be used in place of glass, mica or horn, for windows, 
vessels, transparent frames, etc. 

Cupro-compounds are excellent denitrating agents, and 
recent experiments have shown that they will act well, 
not only in add or ammoniacal solution, but also in the 
absence of either add or ammonia and merely in presence 
of alkali chlorides. Denitrating solutions can be pre- 
pared in various ways, such, for instance, as dissolving 
cuprous chloride in alkali chlorides, or by warming the 
nitro-cellulose under treatment in a mixture of cuprous 
chloride and common salt (for instance) in presence of 
metallic copper. Typical proportions would be: 1 part 
of nitro-cellulose, 2i-6 parts of cuprous chloride, 20-50 
parts of common salt and sufficient water to prevent 
any crystaUisation in the solution. The temperature 
may be kept at 25-100° C. 

Other methods for diminishing the inflammability of 
celluloid, or making it incapable of ignition, are given 
below. 

The celluloid solvent is treated with an addition of a 
siliceous ether, such as amyl or methyl silicate, or a suit- 
ably dissolved soHd siliceous ester like ethyl disilicate. 
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In the presence of bromafces in the mass an addition of 
ferric chloride dissolved in the cellulose solvent will gener- 
ate gases that stifle combustion. 

An alcoholic solution of calcium chloride, of about 20 
per cent, strength, is added to an acetone solution of 
celluloid (about 10 per cent, strength), in such quantity 
that 10 parts of celluloid are present to each part of 
calcium chloride. The solvent is evaporated, and the 
residue is roUed out in thin sheets and dried at the 
ordinary temperature. The proportion of calcium chlor- 
ide can be raised to 15-20 per cent. Calcium chloride 
may also be added to comminuted pyroxylin, the mixture 
being then moistened with alcohol and milled at 20° C. 

A good product is obtained by mixing solutions of 
nitro-cellulose compounds with acetyl cellulose. To 25 
parts of celluloid solution are added 6 parts of magnesium 
chloride dissolved in alcohol or denatured spirit and mixed 
with 3 parts of finely ground asbestos. 

To 1,000 parts, by weight, of celluloid are added 1,500 
parts of fish oil, 400 of gum-arabic, 100 of gelatine and 
40 of colza oil. 

Celluloid or nitro-ceUulose, dissolved in acetone, is 
mixed with solutions of aluminium chloride, strontium, 
magnesium or calcium chloride in methyl alcohol. 

Nitro-cellulose is mixed with aluminium salts, in which 
case camphor may be partly or entirely dispensed with. 
In another method a saturated solution of aluminium 
chloride or nitrate in acetyl acetate is mixed with nitro- 
cellulose. 

Stacker's Uninfiammable Celluloid. — Stocker prepares 
a mass possessing the valuable properties of celluloid : 
transparency, flexibility, toughness and perfect plasticity, 
associated with that of being combustible with difiiculty. 

At the moment of formation the finished, but still soft, 
mass of celluloid is treated with an addition of stannous 
chloride, which remains in the mass, and, owing to mole- 
cular combination, entirely prevents combustibility, pro- 
vided a sufficient quantity has been used. 
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One hundred parts, by weight, of nitrated cotton or 
nitrated paper are mixed with 400 parts of camphor and 
70 of stannous chloride, the whole being moistened with 
100 parts of alcohol. After standing twelve hours the 
mass is raised to 60° C. by passing it through warm 
rollers, and is kneaded until perfectly homogeneous. By 
increasing the proportion of alcohol, the mass can be 
kneaded and worked in the cold. 

This process furnishes a transparent mass, which can 
be worked in the usual way. To obtain colours, cuprous 
chloride is added for green, ferrous chloride for brown and 
black. The mass will burn only when held directly over 
a flame, and ceases to burn or even glow immediately it 
is taken away again. For special articles, such as cart- 
ridges, that are desired to be more readily combustible, all 
that is necessary is to reduce the proportion of stannous 
chloride and thereby increase the inflammability. 

Streubel's Vegetalin. — Dry cellulose at 15° 0. is suf- 
fused with sulphuric acid (58° 0.) and left in contact 
therewith for some little time, after which the acid is 
washed out completely with water, the cellulose being 
then dried and milled. It is next intimately mixed with 
resin soap in a mortar and treated with a solution of 
aluminium sulphate. The mixture of modified cellulose 
and aluminium resinate is dried, and pressed into blocks 
in a hydraulic press. The blocks are cut into sheets, 
which in turn are moulded into the desired shape by 
means of hydraulic pressure. 

Celluloid and Cork Ooynposition. — According to the 
method of Hagemann, ground cork is impregnated with 
a solution of nitrated cellulose in ether and alcohol, and 
pressed into moulds, the pressure being maintained until 
most of the solvent has evaporated and the mass retains 
its shape when the moulds are opened. For small 
articles this takes four to six days, and to faciUtate 
evaporation the moulds are perforated and lined with 
wire gauze. The product known as " Subrit " is used as 
a substitute for cork, bottle corks, insulating plates, etc. 
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Roller's Celluloid Substitute. — Highly concentrated 
collodion, prepared by immersing nitro-cellulose in ether- 
alcohol, methyl ether, acetic ether, acetone, or mixtures 
of these, until the solvent is completely saturated, is 
mixed in an autoclave with a pulpy mass of nitrated 
cotton or paper that has been steeped with oil of tur- 
pentine containing sulphur, castor oil and resin, turpen- 
tine resin, shellac, colophony, mastic, Canada balsam or 
copal resin, in solution. The mixture is carefully heated 
in an autoclave to 100-150° C, the pressure being raised 
simultaneously; to 12 atmospheres by means of an air- 
pump. The resulting perfectly transparent, gelatinous 
mass can be formed, for example, into thin sheets serving 
to carry a sensitive layer of emulsion for photographic 
purposes, or can be cut with zigzag edges and pressed 
into tubes or belts. 

IncoTnbustible Celluloid Substitute. — This product is 
obtained by treating cellulose with strong caustic potash 
and subsequently introducing vapours of carbon disul- 
phide, the process furnishing a gelatinous, pale yellow 
transparent mass of high viscosity and adhesive power. 
The cellulose is eliminated from the mass by washing 
with salt and water, leaving as the residue a compound 
of potassium, sulphur and carbon, the elasticity, trans- 
parency and solubility varjdng according to the amount 
of cellulose removed. This mass is also claimed to be 
suitable for the preparation of a perfectly transparent 
paper that is entirely unacted on by water. 

Xylonite or Fibrolithoid. — This is a variety of celluloid 
in a solid or liquid form. The latter is obtained by dis- 
solving 40 parts of nitro-cellulose in 20 parts of cedar 
wood oil and 40 of amyl acetate, and is used as a dipping 
lacquer for metals of all kinds ; and the solution can be 
also applied to all kinds of textile fabrics. To obtain 
solid xylonite the solution is evaporated. Another 
recipe reads : Nitro-cellulose 10 parts, amyl acetate 30, 
amyl alcohol 25, cedar wood oil 2, benzine 3. 

Xylonite is prepared as follows, according to the 
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patent specification: the dried finely divided pyroxylin 
compound is treated with a solution of camphor in a 
solvent that does not dissolve pyroxylin. The solvent 
is then expelled and the mass is finally exposed to hot 
alcoholic vapours. 



CHAPTER IV. 

PBOPBKTIES OP CELLULOID. 

Crude celluloid, free from all additions of colouring 
matter, body colours or other substances designed for the 
production of special effects, is nearly colourless, and in 
thin layers is as clear as glass or faintly yellow, very 
elastic, transparent to translucent, hard, sohd, nearly un- 
breakable, and can be cut with a knife or shears. It can 
be made harder or softer by suitable additions, though all 
attempts to render it soft and plastic like guttapercha 
have failed. Contrary to earlier statements, celluloid is 
not electrified by friction. Celluloid has a faint smell of 
camphor, this smell, which is not disagreeable, becoming 
stronger when the mass is rubbed and forming a means 
of identifying celluloid. Heated to 125° C. it becomes 
plastic, and in this state can be moulded into any de- 
sired shape. Separate pieces will coalesce on mere con- 
tact when warmed. At about 140° C. celluloid suddenly 
loses its colour and transparency, and at about 5° higher 
decomposes with liberation of pungent, readily inflam- 
mable vapours. 

Warm, plastic celluloid forms an excellent cement for 
metals, a property of considerable utility in the produc- 
tion of inlaid work. 

Celluloid softens in warm water, becomes flexible and 
somewhat plastic, so that it can be easUy moulded to any 
shape. This behaviour, also, is very valuable in the 
manufacture of celluloid articles, since the moulding pro- 
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cess is greatly facilitated, loss of material is prevented and 
time is saved. 

When ignited, celluloid bums with a smoky flame and 
more rapidly than sealing wax, a smell of camphor being 
apparent at the same time. When the flame is blown 
out shortly after ignition, the mass continues to glow 
briskly and to give off thick fumes of camphor that will 
soon darken a small room. Undoubtedly the gun-cotton 
burns in this case at the expense of its own oxygen, but 
the temperature is not sufficiently high to ignite the 
distilHng camphor. This behaviour indicates most clearly 
that celluloid is not a chemical combination of camphor 
and gun-cotton or collodion wool, since it is character- 
istic of chemical compounds that the substances entering 
into combination cease to exist independently in the 
compound. 

Celluloid can be ignited only by a naked light, and if 
heated in a vessel of any kind it simply decomposes, as 
already mentioned, at about 150° C, suddenly and com- 
pletely, with the liberation of a good deal of smoke. In 
no case, however, is there any question of an explosion, 
for celluloid cannot be exploded either by pressure, shock, 
percussion, friction, heat or any other means. Celluloid 
is no longer gun-cotton, but a substance dift'ering there- 
from in all its properties. 

The property of celluloid of softening in hot water 
enables it to be cut into sheets of any desired thickness, 
and attach itself like putty, to wood, marble, etc. 

If two surfaces of celluloid be coated with collodion and 
pressed together, the two sheets, etc., will unite firmly to 
form a soHd whole. 

Celluloid is insoluble in water, and on this account 
is suitable for making domestic articles, such as knife 
handles. Though it is not directly attacked by concen- 
trated sulphuric acid, it gradually dissolves therein in 
the cold, a small piece entirely disappearing in about 
thirty-six hours. It also gradually dissolves in concen- 
trated nitric acid, and in boiling caustic potash. 
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The tensile strength of celluloid is very considerable. 
According to the results of a few crude tests, the elastic 
Hmit is about 200,000-240,000 lb. per square inch, that of 
iron being about 130 times as great, and that of wood 
about seven times as great. 

The elasticity is also high, as can be demonstrated by 
an easy experiment. The tip of a celluloid hairpin, for 
instance, can be bent round until the two ends meet, and 
back again until the ends meet at the opposite side ; and 
this can be done any number of times, the pin retaining 
its original appearance when straightened out. To break 
off the tip it must be bent to and fro rapidly with con- 
siderable force. These simple tests clearly show the 
extreme elastic pliability of celluloid. The substance can 
be stained any desired colour, and the colouring matter 
is not absorbed merely superficially, but permeates the 
whole mass — as can be seen from the fractured surface 
of celluloid articles. By means of suitable additions and 
treatment, celluloid can be made to imitate a large variety 
of materials, for which purpose it is largely used. In all 
conditions its surface is extremely smooth and lustrous ; 
it can be sawn, filed and turned in the lathe, and in 
general treated like horny materials. 

Celluloid can be rolled, polished, pressed, cut and 
hammered, and can also be kneaded at a temperature of 
145° C, so that, occasionally, it may take the place of 
metals, stone, wood and wax. 

The specific gravity of celluloid varies according to the 
degree of pressure it has sustained in the manufacture, 
the mean being 1'5. 



CHAPTER V. 

TESTING CELLULOID. 

The qualitative examination of celluloid, that is to say, 
the actual composition of the ingredients, is (according to 
Heinzerling) attended with no difficulty, whereas the 
quantitative determination is far less easy. 

Mineral adjuncts can be detected by treating the finely 
rasped or shredded celluloid with ether, chloroform or 
other volatile solvent at a moderately warm temperature. 
Under this treatment magnesia, ammonium phosphate, 
lead borate or other ingredients are left behind, whilst 
nitro-cellulose (gun-cotton), camphor, fatty oils or parafiin 
wax pass into solution. The examination and determina- 
tion of the insoluble residue is performed on the ordinary 
analytical lines, though some difficulty is interposed by 
the organic compounds latterly employed instead of 
camphor. The examination of the solution is lather 
difficult, but the nitro-cellulose can be determined by 
converting it into ordinary cellulose by means of reduc- 
ing agents. If nitro-cellulose be treated with a con- 
centrated solution of ferrous chloride and an addition of 
hydrochloric acid at 100° C, nitric oxide gas is evolved, 
the precipitated iron hydroxide is redissolved in the 
hydrochloric acid, and structureless cellulose is left behind. 
According to Hadow, a similar reduction is effected in 
the case of gun-cotton by treatment with an alcoholic 
solution of sodium sulphydrate, the precipitated cellulose 
being then carefully washed with alcohol, dried at 100° C. 

(69) 
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and weighed. The determination of nitrogen in celluloid 
can probably be effected by the method employed by 
Walter Crum for the nitrogen of gun-cotton. A weighed 
quantity of gun-cotton is treated with an equal quantity 
of concentrated sulphuric acid in a tube filled with 
mercury. The reaction liberates nitric acid, which acts 
on the mercury and oxidises a portion of same, nitric 
oxide gas being given off. 

After the reaction has continued for several hours, the 
volume of the nitric oxide gas is read off in the graduated 
glass tube, and a solution of ferrous sulphate is added ; 
this absorbs the nitric oxide gas, the amount of which 
is indicated by the shrinkage in volume in the tube. 

Celluloid being soluble in boiling caustic potash, certain 
of its constituents can be determined in this way, the 
presence of phenol, , for instance, as a substitute for 
cantphor, being indicated by the smell it gives off under 
this test. 

Camphor also can be detected by the smell, but the 
quantitative determination is more difficult. An approxi- 
mate determination can probably be obtained by boiling 
the finely powdered celluloid in water until the smell of 
camphor has vanished, the camphor itself having been 
carried off by the steam. The fatty oils, fats, etc., incor- 
porated with celluloid can be detected by saponifying the 
residue from the preceding test with caustic potash. 
This converts the fatty acids into soluble soaps that can 
be separated in the usual way. Mineral colouring matters 
will be found in the residue from the solution in ether, 
whilst the dissolved colouring matters must be detected 
by their chemical reactions or physical properties. 



CHAPTER VI. 

APPLICATION AND TREATMENT OP CELLULOID. 

Celluloid is used for a great variety of purposes that 
are constantly being extended, there being now few if 
any industries in which this substance does not find 
employment in some form or other. In its natural 
condition, without the addition of colouring matters or 
other adjuncts, celluloid is very extensively used, especi- 
ally as a substitute for horn, emery, tortoise-shell, coral, 
malachite, lapis lazuli, marble, ebony, yellow or black 
amber, bronze articles, caoutchouc, ebonite, etc. ; and in 
fact there is hardly a single substance known but what 
attempts have been made to imitate it with celluloid. 
For the above purposes it is used to a very large extent, 
and many articles of fancy ware, ornaments, hardware, 
etc., are of celluloid. In many other branches, too, cellu- 
loid has found application, such as artificial teeth, flexible 
mirrors, decorations in the greatest variety, spectacle 
frames, watch cases, buttons, pipe mouthpieces, cigar- 
holders, ash trays, etc. 

In fancy goods and hardware celluloid is used for mak- 
ing brooches, hairpins, bracelets, chains, earrings, crosses, 
medallions (either by itself or in combination with inlaid 
or riveted metals), imitation horn, tortoise-shell, coral, 
ivory, etc. It is also made into smooth, inlaid or stamped 
buttons, knife handles, prayer-book and album covers, 
cigarette cases, notebook covers, travelling cases, shoe 
eyelets, purses, pen and pencil cases, rulers, drumsticks, 
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finger-stalls, serviette rings, cigar-holders, dolls' heads 
and bodies, mirror and picture frames, figures for games, 
stick, umbrella and whip handles (in a great variety of 
shapes and patterns that compete keenly with handles of 
other materials), billiard balls, chessmen and other figures 
used in games, etc. 

For fans celluloid is a somewhat expensive material, 
but is nevertheless used. 

Caoutchouc Industry. — Celluloid is used to a very 
large extent as a substitute for horn and hard rubber for 
making plain and fancy combs. The Mannheim Celluloid- 
waarenfabrik, for example, has laid down an expensive 
plant for making toilet combs, and can turn them out at a 
price below that of the small maker who cannot afford 
such costly machinery. Celluloid combs are beautifully 
soft, elastic and durable, and share with tortoise-shell 
the advantage that, when broken, they can be repaired, 
equal to new, by welding. WitMn the last few years 
celluloid balls, which are very elastic and in good demand, 
have been put on the market. 

Makers of fancy wooden articles have taken kindly to 
celluloid, which they use largely in different forms for 
covering and inlaying boxes and other fine work. 

In the machinery and building trades, again, there is 
a large consumption of celluloid for emery discs, packing 
rings, tubes, valves, taps, pistons. It is used in coach- 
building for making axle bearings, since it is not corroded 
by oil and therefore forms also a good material for axle- 
box covers. 

In railway work celluloid is used in the forni of 
washers and rings for tightening up fishplates. 

Since celluloid can be produced in discs or plates of any 
desired size, it is used as a stopping for flooring that is 
desired to be watertight, especially in ships and boats ; in 
the former, indeed, it has also been proposed as an ex- 
ternal coating to prevent the growth of parasites. 

In dentistry the use of celluloid has attained consider- 
able importance for the manufacture of gum plates. 
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Opticians employ celluloid for spectacle frames, lorg- 
nettes, mounts for magnifying glasses and opera glasses, 
just the same as horn, tortoise-shell or caoutchouc. 

In brushmaking use is also made of celluloid to a 
considerable extent, since it possesses the great advantage 
over wood and other materials that it does not warp in 
the wet. Latterly also hog's bristles have been replaced 
by stiff celluloid threads. 

Art is also finding employment for celluloid, inasmuch 
as this substance — so far as present experience goes — • 
may be regarded as a durable ground for painting. 

In medicine celluloid has been proposed, and used, as a 
material for surgical bandages. 

Celluloid has, moreover, been used as a material for 
stamps and printing blocks, and proposals have been 
recently made to employ it as a substitute for type metal. 
In this latter connection, however, there is no practical 
experience at present available as to its utility. On the 
other hand, it has proved an admirable substitute for stiff 
collars and cuffs, especially for travellers and pedestrian 
tourists in summer, owing to its clean white appearance 
and being impervious to perspiration and wet. The 
celluloid used for this purpose looks like well-stiffened 
linen, is flexible, and can be worn for months, being easily 
cleaned with soap and water. It is also suitable for pro- 
tective collars on uniforms and as a substitute for cloth 
facings that are exposed to much wear. 

As a leather substitute celluloid finds application for 
coating harness, buckles, etc. 

Being readily soluble in certain volatile solvents, and 
insensitive to moisture, celluloid has made its way into 
varnish making, especially for varnishes intended to 
protect metals from rust and oxidation. This same pro- 
perty is utilised in the manufacture of waterproof fabrics, 
in place of calico, for bookbinding ; but celluloid is too 
combustible to be recommended for this purpose. 

Thus we see that a material which, thirty years ago, 
was regarded with great suspicion and was denounced as 
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inflammable and dangerous, has taken a premier place in 
many trades and industries ; and since its price is now 
moderate, its sphere of application will continue to in- 
crease — as is shown by the innumerable patents taken 
out. 

As already mentioned, the exceeding plasticity of cellu- 
loid in a warm state renders it very easy to make up into 
various articles ; and it can be turned, bored, filed, etc., 
in precisely the same way as the ordinary materials 
worked by the turner. Even a temperature of 75° C. 
makes celluloid plastic enough to be moulded into any 
desired form in the press, though, as a rule, workers in 
celluloid heat it to about 120° C, at which temperature it 
is, of course, much more plastic than at 75° C. 

The matrices in which the pressing is done must have 
been warmed beforehand. The celluloid, warmed to 120° 
C, is placed in the matrix and subjected to considerable 
pressure, until the mould has cooled (cooling water is not 
always required), and the material is fixed in its new 
shape. 

In cutting celluloid, and in all other operations where 
it has to be worked with iron tools and at high speed, it 
is advisable to allow drops of water to fall on to the point 
where the cut is being made. For articles that are to be 
beaten or pressed out, the-celluloid is preferably warmed 
in water to 40° C, in order to prevent splitting and tear- 
ing. If the celluloid has grown too brittle to work easily, 
it should be dipped in spirit of camphor for a short time. 

Owing to the solubility of celluloid in various liquids, 
it can be easily stuck on other materials or upon other 
celluloid. An adhesive for this purpose is formed of a 
mixture of 1 part of shellac, 1 part of spirit of camphor, 
and 3-4 parts of alcohol. In addition to collodion, pure, 
finely shredded celluloid dissolved in absolute alcohol 
makes a good celluloid cement. 

To facilitate the escape of camphor vapours from finished 
articles, these should not be stored in closed boxes or 
cases. 
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An important part in the working up of celluloid is 
played by the moulds, both those used for pressing the 
celluloid sheets and rods, and those in which celluloid is 
treated in a more or less fluid condition. 




Pig. 24. 



These moulds are generally of metal (steel, brass 
or similar alloys), and contain all the variations of contour 
of the finished article, so that no after treatment will be 
required. These moulds, which are more or less elaborate, 
according to the nature of the article, are expensive, and 




Pig. 25. 

attempts have therefore been made to construct them of 
other materials. Mendelssohn, of Leipzig, uses wooden 
moulds, which possess the great advantage that they can 
be employed for pressing or blowing celluloid without 
any previous warming, the wood being a bad conductor 
and therefore not withdrawing heat from the celluloid. 
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Figs. 24 and 2.5 represent specimens of pressed articles, 
while Fig. 26 is a longitudinal section of a wooden mould. 
To press or blow celluloid articles, especially handles for 
umbrellas, sticks, etc., without any previous warming of 
the moulds, block or rod celluloid, of suitable thickness, 
is immersed in boiling water until it is warmed to 100° 
C, and is then bent into a shape corresponding to that of 
the mould, b, as shown at a and a'. It is then placed 
quickly between the two halves of the mould, c. If the 
article is to be solid, the two halves of the mould are 
pressed together in a suitable manner. Hollow articles 
are made hy admitting steam or other press fluid into the 




Fig. 26.— Wooden Mould for Celluloid. 



mould containing the (tubular) celluloid, thus forcing the 
latter into all the contours of the mould. In contrast to 
metal moulds, which have to be warmed up again each 
time they are used, wooden moulds can be employed over 
again in quick succession without taking them out of the 
press, the low conductivity of wood preventing the cellu- 
loid from being robbed of its previously accumulated 
heat. 

The wood used for moulds is moderately hard, such 
as oak, beech, etc. 

According to R. Stiibling, cheap and useful moulds 
can be made from wax models by the electro method, a 
coating of copper being deposited on the surface of the 
wax, the latter then removed by melting and replaced by 
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molten alum. The copper deposit is strengthened by a 
coating of nickel, which is rubbed over with oil, a wax 
cast being then taken of each half, the outer side of the 
mould being backed with clay. These wax casts are 
rubbed over with graphite, to form a conducting surface, 
and a fresh electro is made, this being filled with plaster 
of Paris and employed as matrix for a mould of fusible 
metal. 

Making Celluloid Ornaments. 

For this purpose the celluloid is made up into sheets, 
one-twenty-fifth to half an inch thick, and about 12 inches 
wide by 30 inches long ; rods about 40 inches long are 
also used to some extent. The celluloid used is either 
perfectly transparent, yellowish and horny, or in the 
form of imitations of coral, malachite, amber and tortoise- 
shell. There are two methods of working : — 

(a) Working by the Cold Process. — The sheets are cut 
up in suitable pieces with a circular saw, and the pieces 
worked to pattern with fret saw, graving tool, file, or 
turned on the lathe, to form broo'ches, earrings, pins, 
medallions, bracelets, etc., being finished by grinding 
them smooth with finely powdered pumice and fat, by 
means of quick-running discs of buckram or carpet fabric, 
and finally polishing with a buffing wheel and levigated 
chalk. 

The majority of articles are then ready for piecing 
together and mounting, the various parts of a brooch, 
earring, etc., being screwed together, fitted with pin or 
hooks, packed, and sent out for sale. 

To save material and time in the case of brooches or 
other articles representing twigs or sprays of coral, these 
are cut out of thin sheet material and finished on the flat 
as above, after which they are made soft and flexible by 
immersion in boiling water for a few seconds, and the 
leaves, coral twigs, etc., bent in various directions by 
hand, being set in their new position by rapid cooHng in 
water. Were it not for the flexibility of the celluloid, 
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such articles would consume fully three times as much 
material and time in the making. Similarly, bracelets 
are made of straight, flat strips, and after being polished 
are softened in hot water, bent round a circular block into 
the desired shape, and then cooled and dried. 

(b) Working by the Warm Process. — -This process en- 
tails the use of : — 

1. Metallic heating plates, kept hot by means of petro- 
leum, gas, or best of all, steam. 

2. Presses. 

3. Moulds or matrices of steel or red brass. 

The sheets of celluloid are softened on the hot plate, 
and cut into suitable small pieces with a knife. The 
pieces, rendered perfectly plastic by heating to a tempera- 
ture of about 120° C, are next laid in the well-warmed 
moulds, and kept under a fairly powerful press until the 
mould has cooled somewhat, whereupon the article is 
taken out of the mould and cleaned, poHshed and mounted. 
Metal ornaments laid in the mould wiU incorporate with 
the celluloid thoroughly during pressing. Articles formed 
in this way lose their shape entirely when reheated ; con- 
sequently this process is not adapted for the production 
of strips for bracelets, since the latter would lose the 
shape imparted in the press on being warmed in hot 
water for the purpose of shaping them to the arm as de- 
scribed under the cold process. 

Celluloid Combs. — These combs are made in the same 
way as horn combs, so that any one accustomed to work 
in horn can make celluloid combs, provided he understands 
how to pohsh this material. 

There is, however, one important particular in which 
the two processes diifer, to the advantage of celluloid, 
namely, that the troublesome preliminary treatment ne- 
cessary in the case of horn is dispensed with. The ex- 
tent of this advantage can be realised by considering the 
various stages of making horn combs up to that of cutting 
the teeth. The hollow part of the horn has first to be 
cut crosswise into lengths, these in turn cut lengthwise, 
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and each strip boiled in water for some time to soften the 
horn, after which they are fastened on the heating stick, 
held over a fire and kept turning, in order to heat them 
still further. 

Next come the processes of spreading out ilat, scraping 
to uniform thickness, pressing, splitting, smoothing in 
the press, etc., all of which are unnecessary in the case of 
celluloid. The combmaker buys his plates or sheets of 
the proper thickness, saws them into suitable sizes and 
smooths out any irregularities by warming the pieces 
under gentle pressure. Even in the cutting process 
celluloid presents several advantages over horn, the pieces 
of the latter havmg to be clamped on the slope and the 
saws accurately guided, in spite of which the horn fre- 
quently splinters or breaks, whereas none of these incon- 
veniences arise with celluloid. The latter shares with 
tortoise-sheU the useful property of being weldable when 
broken. 

Cutting is effected by hand or machinery, just the 
same as with horn or ebonite, and the same processes are 
used in finishing. The combs are polished with pumice 
and tripoli powder, by means of sticks covered with 
woollen cloth. Water is allowed to drop on the comb, to 
keep it from getting too hot and softening, or decomposing 
and giving off fumes. 

Fancy combs of celluloid are bent after softening them 
in hot water, though some makers bend them over a char- 
coal fire. 

Cheaper combs are made in pairs, the hard-dried thick 
plates being warmed and the teeth cut in a stamping 
press. The combs made in this way, however, have 
merely plain, unornamented backs, and the teeth are 
devoid of taper ; and even softening the plates in water 
before pressing in moulds, or hot-pressing soft, undried 
celluloid in moulds, will not give perfect combs. This dis- 
advantage has been overcome by taking the fresh, plastic 
celluloid plates direct from the cutting machine, pressing 
them intP the form of comb plates (tapered teeth and 
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ornamented backs) in moulds, either in a cold or gently 
warmed state, and immediately cutting, filing or stamping 
out the teeth, without drying the mass, which in this 
condition is easy to work, does not injure the tools, and 
gives a perfectly smooth-cut surface. The finished combs 
are then dried in a suitable apparatus to prevent the 
teeth warping ; and this process enables combs of various 
shapes to be made. The comb and teeth dry quickly and 
hard, and become very strong. 

Celluloid as a Basis for Artificial Teeth. 

Teeth of bone, ivory and walrus tusks have been dis- 
placed by gold, platinum and palladium plates set with 
enamel teeth. Hard rubber has also been used, but is 
attended with numerous disadvantages, notably symptoms 
of niercurial poisoning ; and traces of this metal have 
been discovered in the urine and saliva of persons using 
hard rubber teeth setting, which has also been known to 
give rise to disorders, such as salivation, diarrhoea, in- 
flammation of the gums, etc., which disappeared when 
the rubber plates were discarded. The cause of the 
trouble was the vermilion used for colouring the plates ; 
but no evils of this kind attend the use of celluloid plates, 
although these latter are sometimes coloured with vermi- 
lion, and it must therefore be assumed that the colouring 
matter is retained more tenaciously in the mass than is 
the case with rubber, the saliva being unable to dissolve 
it out of the celluloid. 

Other advantages of celluloid include the possibility of 
colouring it in exact imitation of the gums, which could 
not be done with hard rubber. Celluloid is also easy and 
safe to work, whereas the vulcanising stoves for hard 
rubber have repeatedly been known to explode. 

Celluloid can be used in dentistry both for making the 
plates and also for entire sets of teeth. A solid mould 
(usually of gypsum) is made from the wax model, and 
into this mould the celluloid, in a softened, warm state, 
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is pressed or injected. Various appliances have been 
devised for making celluloid teeth. 

Jiiterbogk's apparatus, which closely resembles the 
vulcanising apparatus used for' caoutchouc teeth, consists 
of a casing, on which is mounted the mortar-shaped 
steaming vessel containing the mould. The mould clamp 
is held in position by a device inside the steamer in such 
a manner that it cannot move when the clamping screw 
is being turned. The steamer is covered with a simple 
lid, provided with a hole for the passage of the clamping 




Pig. 27. — Hamecher's \ 



screw of the mould, and a fitting to hold the thermometer. 
The pressing temperature is 150° C, at which heat cellu- 
loid is plastic throughout its entire mass. 

Hamecher says of his apparatus for making artificial 
teeth plates that all the existing apparatus for treating 
■ celluloid for dental purposes have in common the features 
that the mould is arranged in a vessel or pan heated from 
the outside, and the celluloid is rendered plastic in the 
mould and then pressed. His apparatus was based on 
the idea of avoiding the risk of explosions of the steaming 
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vessel, by dispensing with a steamer and heating the 
mould itself. It was necessary to pay great attention to 
regulating the flame, in order that the same, however 
large, should not rise above a certain height, the level in 
all cases being below that of the celluloid to be pressed. 
This apparatus is shown as a vertical section in Fig. 27. 
A hollow cylinder, mounted on three symmetrically dis- 
posed feet, is provided internally with three projecting 
vertical and radial lugs, c, supporting the mould in such 
a position that the top of the lower half of the mould 
is on exactly the same level as the' upper edge of the 
cylinder. In order to hold the upper half of the mould 
in exact vertical register with the lower half, the latter is 
provided with three wrought-iron guides, two of which 
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Pigs. 28 and 29. — Hameoher's Apparatus. 

are narrow and the third broad, and the upper half 
carries three guides accurately fitting into the others. 
The casing (Fig. 28), a cast-iron ring with two handles 
of wood, is high enough to overtop the open mould, and 
fits into an annular groove in the top of the cylinder, so 
as to form an extension of the latter. When the mould is 
in position the cover fits exactly into the casing. The 
flame is arranged so that the burner is outside the 
cylinder, and consequently an ample supply of oxygen is 
admitted. On the other hand, the flame would only 
reach the bottom of the mould were it not for the pro- 
vision of a number of draught holes, d, sloping inward 
and upward through the wall of the cylinder, which they 
penetrate at a point about half an inch below the upper 
edge of the top half of the mould, so as to permit the 
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passage of the flame up to the level of the said holes. 
At the same time the whole of the space between the 
flame and the lid of the mould is warmed, and after about 
twenty-five to thirty minutes from the start the ther- 
mometer registers 150° C, the necessary temperature at 
which the mould is screwed down. 

The modus operandi is as follows. A wax model is 
made of the teeth or plate, and a plaster cast taken of 
the model, the wax being melted out with hot water 
when the plaster has set hard. A piece of sheet celluloid 
the same length as the test plate is placed in the mould, 
which is then closed. To collect any celluloid escaping 
when pressure is applied, a channel about ^V to ^^ of an 
inch deep is arranged, preferably in the top half of the 
mould, but not in any way connected with the model. 
When the mould and casing have been placed in position, 
the thermometer is inserted and the lamp lighted, care 
being taken that the flame is not too small, but large 
enough to cover the entire space under the mould. It 
often happens that the thermometer quickly indicates a 
temperature which, however, is -not attained by the mould 
in less than twenty minutes ; but this should not lead one 
into error. After a short time all disturbances will have 
ceased, the water vapour being expelled from the plaster, 
whereupon the thermometer will give the correct reading. 
The desired temperature (150° C.) will be attained sooner 
or later, according to the intensity of the flame, where- 
upon the mould may be screwed down, all that is neces- 
sary being to first extinguish the flame and remove the 
thermometer. It is necessary to put out the light, or the 
celluloid expressed from the mould may take fire. The 
screw is turned quickly, the upper surface of the mould 
cover being watched to see if it remains horizontal. If 
it is found to tilt the screw is reversed, the casing taken 
out of its groove and the mould pushed in the opposite 
direction so as to equalise the pressure. 

When the celluloid offers too much resistance, the 
mould should be opened a little way (about ^ inch) and 
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left in that condition for one to three minutes before 
pressure is again applied. The hot plaster will by that 
time have warmed the celluloid sufficiently to make it 
much more plastic, as will be evident by the screw turn- 
ing more easily. If the mould still does not close com- 
pletely, it is left a few minutes longer and the screw 
again turned. About ten minutes after the mould has been 
closed up, the plastic mass will have begun to contract, 
the pressure will diminish and the molecules dx-aw closer 
together. The mass hardens, and pressure is applied only 
at intervals (3-4), after which it becomes unnecessary to 
press any more. 

If the apparatus is to be used over again at once, the 
mould is wedged properly and lifted out of the apparatus. 
It is preferably left for half an hour after pressing, and 
then cooled rapidly by dipping in a pail of cold water, or 
holding it under a tap. When the outside is cold, the 
bottom is removed and the temperature of the plaster 
ascertained. If this is sufficiently low the cover is taken 
off, and the lower part of the mould is tapped with a 
hammer several times, causing the whole of the plaster to 
fall out, with the top half of the mould, whereupon the 
plaster is broken and the moulded article exposed. Any 
adherent particles of plaster are picked out with a knife, 
but it rarely happens that the article needs to be touched 
up with the file or graver, all that is necessary being to 
rub it over with fine sandpaper and polish with oil, soap 
and levigated chalk. 

Stained Celluloid Sheets as a Substitute fob 
Glass. 

Thin celluloid sheets can be stained superficially, on one 
or both sides, by dipping them in a bath of coal-tar dye, 
prepared by pouring an alcoholic solution of the coal-tar 
dye into a bath of 99 per cent, spirit containing best 
white shellac and sandarach, or some other resin. This 
bath is acidified with boric acid, and shortly before use 
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a little ether or benzol is added, to accelerate the drying 
of the coloured layer on the surface of the celluloid. 

The celluloid sheets are immersed for a short time 
merely, this being sufficient to mordant and colour the 
surface. The coloured layer dries very quickly. If only 
one side of the sheet is to be stained, the other is first 
coated with asphaltum in the usual manner. These 
coloured sheets are suitable for signals and identification 
devices, being unbreakable and fast coloured. 

Celluloid Printing Blocks and Stamps. 

The reproduction of woodcuts by means of celluloid 
presents numerous advantages, the plasticity of this 
material enabling it to penetrate the minute depressions 
of the pattern block, and furnishing an accurate repro- 
duction of the woodcut, even superior to electros, owing 
to the absence of the intervening layer of graphite. The 
method adopted is as follows. A cement cast is taken of 
the woodcut, this material being easily detachable without 
injuring the reproduction, and serving to replace gutta- 
percha. This cement casting is placed in contact with a 
softened sheet of celluloid in a hydraulic press, and in five 
to six miiiutes the celluloid will have been forced into 
even the finest parts of the mould. The entire operation 
takes only half an hour. The celluloid is superior in 
many respects to an electro block, as it stands the 
pressure better in quick-running presses, and is said to 
yield over 100,000 impressions. 

Celluloid stamps are very elastic and durable, the wear 
being small ; and they are superior to rubber stamps in- 
asmuch as any kind of stamping ink can be used vvdthout 
risk of corrosion by the colouring matter. They are very 
easily made, a sentence set in type, or a mould (letters, 
pictures, ornamental devices, etc.) cut in wood, being laid 
on a flat surface, preferably of hard wood or stone, and 
covered with a moulding frame a little smaller than the 
mould, in order that the edges of the frame may fit closely. 
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The inner sides of the frame slope inward, so as to sup- 
port the plaster cast when the frame is raised ; and the 
long sides are provided with recesses for the insertion of 
the lifting tool. 

All parts of the mould that are to be covered with 
plaster are oiled with a small soft brush, so that even the 
spacing leads and quads are properly coated. The oil 
for this purpose is made by mixing 32 parts of bone 
oil, 32 parts of oil of turpentine, 1 of cotton-seed oil and 
1 of white copal varnish in the warm. 

Finely ground, freshly burned stucco plaster is used for 
the casts, and this is made up to a thick pulp with clean 
well-water in a suitable pail, the mixture being poured on 
to the surface of the mould so as to barely cover it. 
This is now worked into the lettering by means of a stiff 





Fig. 30.— Mould Frame. Pm. 31.— Lifting Tool. 

brush, so as to fill up all the depressions in the mould, 
and a fresh quantity of plaster is poured in until it 
begins to run over the edges of the frame, the surplus 
being brushed off with a straight edge after settling. In 
five minutes the plaster will have set hard enough for the 
frame and matrix to be taken off the mould by means of 
the lifting tools. 

A gentle tap on the forme holding the mould will 
loosen the plaster from the mould, and the frame and 
plaster cast can be lifted by means of the tool illustrated 
in Fig. 31, the points being inserted in the recesses 
in the frame (Fig. 30). A gentle tap on the frame 
will detach the plaster matrix, which can be transferred 
shortly after to a drying apparatus. 

This consists of a strong sheet-iron stove, with a fire in 
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the lower portion, so disposed that all parts of the plate 
supporting the drying frame are heated uniformly. The 
upper part of the stove is fitted with a drying rack, of 
one or two stages, the fresh matrices being placed on the 
lower stage, whilst the upper one is for final drying. 
The drying rack consists of an iron plate, from which 
project twelve to fifteen iron-wire arches, about an inch 
apart. The matrices are placed between these wires so 
that the fronts and backs are exposed to the ascending 
heat. To ensure uniform drying, the matrices have to be 
turned at frequent intervals, otherwise they would warp 
from uneven drying and break in the press. With a 
good fire a stove full of matrices will dry in about four to 
six hours. If there are two stages, the matrices are 
taken off" the bottom one at the end of that time, and 
placed on the upper rack, the other being recharged with 
a fresh supply. When the matrix has assumed a whitish 
yellow colour, and rings on being tapped on the back 
with the finger, it is properly dried. The slightest trace 
of moisture in the middle of the mass renders the matrix 
Uable to break in the press, or to furnish a poor stamp. 

The dried matrix is brushed over several times with a 
thin solution of shellac, to give it a smoother surface and 
greater durabihty, a point of considerable importance in 
the subsequent pressing. 

The matrix is now a yellowish white block of varjdng 
thickness, and containing an impression of the letters in 
their right order. The depth of the impression corre- 
sponds to the height of the original design on the type- 
block or woodcut, whilst the remainder should form a 
flat, even surface if the stamp is to be of any use. 

To prepare a stamp from this matrix, a sheet of cellu- 
loid is cut to the proper size, the piece being then placed 
in a water bath, at 70° C. exactly, for ten minutes, until 
the celluloid is thoroughly softened. Meanwhile, the 
press has been got ready, the mould placed on the loose 
table, the celluloid is taken out of the water, quickly 
laid on the matrix, and the table is pushed into the press, 



88 CELLULOID. 

the latter being started at once. After being in the press 
five minutes the table is drawn out again, and the cellu- 
loid will be cold enough to be taken out of the mould 
without injury. It would be an improvement to jacket 
the press and raise it to the requisite temperature (70° C.) 
by means of steam or hot water. With this arrangement 
a number of moulds, containing the celluloid sheets, could 
be inserted into the space inside the press, and on attain- 
ing the proper temperature be pressed for five minutes 
and taken out again. 

The softened celluloid is forced into all the depressions 
in the matrix, just the same as in making rubber stamps, 
so that the design appears in reversed, raised letters, eta, 
on the face of the celluloid. On cooling, the latter re- 
sumes its original hardness, and the plate can be glued or 
cemented on to the handle of the stamp. 

Collapsible Seamless Vessels of Celluloid. — Collapsible 
tubes of celluloid are difficult to make, since the material 
cannot be brought into the form of a sufficiently thin, 
flexible and compressible tube. Vessels manufactured 
from thin sheet celluloid soon become brittle and inelastic, 
especially when they are kept in contact with hygroscopic 
substances, such as toothpaste, etc. To make these tubes 
and other hollow articles, a cylindrical incompressible 
core is dipped repeatedly into dissolved pyroxylin until 
sufficiently coated ; the coating is dried, and is then 
drawn off the rigid core by the combined assistance of 
heat and moisture, which help it to come away easily. 
The material used (a solution of celluloid in amyl acetate) 
is insensitive to the action of moisture, dilute acids and 
alkalis, whilst at the same time it is strong, very flexible 
and elastic, and does not lose these properties after being 
in contact with hygroscopic substances. The material is 
so thin that the tube will return to its original shape if 
pressed when empty, but will remain flat after being 
pressed when full. The core employed is a glass tube of 
the desired form and size, and. provided at the lower end 
with a tapering screw neck. The finished tube is de- 
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tached from the core by dipping it in water, or treating 
it with steam. The screw cap is made of aluminium or 
other metal. After filling, the open end of the tube is 
bent over and fixed with a metal clip. 

Making Celluloid Balls. — Celluloid balls made by the 
older method of cementing together two hemispherical 
cups had the defect of soon coming to pieces, to remedy 
which it was proposed to fit the joint with a protecting 
strip (Fig. 32), or to divide the ball into several sections, 
e.g., four, with overlapping edges (Fig. 33). Even these 
methods of joining, however, proved unsatisfactory and 
liable to come apart after a time, in addition to which 
the former is difficult to carry out, and the second both 





Figs. 32 and 33. — Ordinary Method of Joining Celluloid Balls in two 
or more Parts. 

troublesome and expensive. Applied to hemispherical 
cups, the second method offers no advantage over the 
underlay strip, and there always remains a noticeable 
depression at the joints, so that none of these methods 
properly meets the requirements of practice. 

The following method, however, furnishes a joint 
which is not only durable, but fits as true as though the 
ball were made in one piece. Each half of the ball is 
toothed at the edges, and the teeth are pressed inward 
at right angles, and bent again at a distance correspond- 
ing to the thickness of the sheet, while the celluloid 
is plastic, the two halves being then pressed together so 
that_the teeth in each half fit inside the other and make a 
very firm joint, especially when fastened with a suitable 
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adhesive. Fig. 34 shows the two halves of such a ball, 
before and after being assembled, whilst Figs. 36-38 re- 
present the press employed. 

This press consists of the mould, A, and die, B, the 
latter being fitted, above the hemisphere, with a ring, C, 
the lower end of which is recessed in the form of teeth. 
The thickness of the tooth-shaped projections, D, must 
be calculated so that their outer surface fits exactly in the 
upper cylindrical part, a, of the mould. The teeth are 
preferably made somewhat tapering in the width and a 
little wider than the gaps in the ring, C. This latter 
may, of course, be also made in, one piece with the die. 





Figs. 34 and 35.— Toothed Joint for Celluloid Balls. 

The celluloid sheet, E, is pressed while in a plastic 
state, by placing it on the mould. A, and forcing it into 
a hemispherical shape by the die, B. The edge of the 
sheet coming into position in the cylindrical part, a, of 
the mould, is cut into teeth by the teeth, D, of the die, 
these teeth remaining attached to the half ball and being 
a little narrower at the top than the gaps left between 
them. 

The halves are taken out of the mould, the cuttings 
removed, and the teeth made plastic and then bent inward 
in the shape of a crank corresponding with the thickness 
of the shell of the ball. The halves are brushed over 
with a suitable adhesive and put together so that the 
teeth on each half fit in between those on the other. The 
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adhesive is applied in such a manner that the edges also 
of the two halves stick together. 

Celluloid Posters. — The celluloid posters or placards 
now in use consist of a sheet metal backing over which a 
sheet of celluloid is stretched, and fastened at the edges 
by insertion into the turned-over edges of the metal. 
This arrangement has the defect that the celluloid, sooner 
or later, comes undone at the edges and springs off. In 




Figs. 36, 37 and 38.— Pressing the Halves of Celluloid Balls. 

the newer makes this defect is overcome by a better 
method of folding the edges, namely, by doubling the 
metal and celluloid over twice or more. 



Pressing Hollow Celluloid Articles. 

When divided metallic moulds and dies are used for 
pressing deep hollow bodies, these parts have to be 
heated, which results in the drawback that, in order to 
prevent loss of time in heating and cooling the presses, 
one attendant must have several sets of moulds and dies 
available. The production of these moulds and dies, 
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however, is an expensive matter when they are all of one 
kind ; whereas by the newer method, one attendant, with 
one set of moulds and dies can keep on pressing and 
turn out five times as many articles in the same time. 
Moreover, the same bottom die can be used for a number 
of differently shaped articles, thus reducing the cost of the 
die considerably. The bottom die (Fig. 39) comprises 
the block, B, pierced by a cylindrical opening, which may 
be independent of the shape of the article to be pressed, 
but must be large enough to take the upper die when the 




Pigs. 39 and 40. — Dies for Pressing Hollow Celluloid Articles. 



latter is forced down. At the top of the bottom die are 
two lateral guide slits, to receive the two sliding plates, 
C and D, and the interposed sheet of celluloid. Both 
these plates have circular openings corresponding with 
that in the bottom die, so that the celluloid sheet is left 
exposed in that part for the action of the upper die, whilst 
the edge is held between the plates. A is the top die, 
which, in conjunction with the lower sliding plate, deter- 
mines the shape of the article to be formed. 

Fig. 39 represents a cross section of the bottom die 
with the two sliding plates, C, D, and the interposed 
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celluloid sheet, whilst Fig. 40 shows the upper die by 
itself. In pressing, both the block, B, and the upper die, 
A, are fixed in the press, neither of them being warmed. 

The celluloid to be treated is rendered plastic by heat, 
and is laid between the two sliding plates, C, D, with 
which it is sHpped into the guides in the block, B, and the 
upper die is moved down by the press and forces the ex- 
posed portion of the celluloid sheet, E, down before it, the 





Pigs. 41-44. — Device for Pressing Hollow Balls. 

edges of E being meanwhile held fast by the plates, C, D. 
The press is now opened, the top sliding plate is drawn 
out, the pressed article removed, a new celluloid sheet 
inserted, followed by the top sliding plate, and the upper 
die again moved downward by the press. 

This rapid pressing is rendered possible by the fact 
that the inner sliding plates give oif only just enough 
heat to prevent the celluloid from cooling too rapidly. 
At the same time, when the upper die has reached the 
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bottom of its stroke, the celluloid has cooled sufficiently 
to retain its new shape. The block, B, is gradually 
warmed by the sliding plates, but this has no effect on 
the operation, since the opening in the bottom die is so 
wide that it does not come into contact with the pressed 
article. 

To enable celluloid sheets of different thickness to be 
pressed, a spring is provided inside the guide slit or under 




Pig. 45. — Press for Hollow Celluloid Balls. 



one of the sliding plates, to hold the two plates in suffi- 
cient contact. 

In the method employed by the Rheinische Gummi- 
and Celluloidfabrik, Mannheim, two hollow balls are made 
in an ordinary screw or lever press, with a divided 
wooden or metal mould. A section of one of these 
presses is illustrated, open, in Fig. 45. In this press, a, 
is the lower half of the mould, and is fixed in the base of 
the press, b, being the die or inner half of the mould, 
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which works up and down with the movable part of the 
press and fits exactly in the lower part, a. 

The construction of the three-part mould is already- 
known ; but on the other hand the arrangement of the 
plate, c (Fig. 46), is novel, this plate being pressed in any 
suitable way against the mould, a, in order to hold the 
inserted sheet of celluloid, d, uniformly at the edges. 
This should be one-third larger in diameter than the 
desired ball. 

The plate, c, is pressed against the mould, a, by the 
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Pia. 46.— Press for Hollow Celluloid Balls. 

spiral spring, / (Figs. 45 and 46). The plate is also 
fitted with guides, g, to prevent slipping. In the absence 
of this plate, e, the circular celluloid sheet would be 
pressed into the mould, a, in innumerable wrinkles 
instead of forming a smooth hemisphere of uniform 
thickness. 

Fig. 46 shows the press closed, i.e., at the end of the 
operation ; a and b represent the two halves of the 
mould, and d the sheet of celluloid which has been 
pressed into a hemisphere between them. During the 
operation the plate, c, is held tightly against the mould, 
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a, by the spiral spring, /, which is in a state of compres- 
sion. 

When the press is opened, the part h rises first, until 
the spring, /, is released, whereupon the plate, c, also 
rises, and enables the pressed hemisphere, d, to be taken 
out of the press. 

In fitting the two halves of the ball together, it is not 
sufficient to merely fasten the edges by means of an 
adhesive, and the joint must be strengthened by a strip 
of celluloid inside. The width of this strip Qi, Fig. 41) 
is preferably about one-tenth the diameter of the ball, 
the length being equal to the periphery. The strip is 
first fastened inside the one hemisphere, k, and then 
cemented to the other. 

The two halves may also be cemented on to a smaller 
ball (Figs. 42 and 44). This inner ball, m (Fig. 42), is 
made of two hemispheres, on to which the outer halves 
are cemented, o (Figs. 42 and 44), care being taken that 
the joints of the two balls do not coincide. 

Casting Celluloid Articles. — A suitable mass for cast- 
ing is obtained by dissolving 1,000 parts of celluloid in 
an equal quantity of acetone and adding 250 parts of 
magnesia, 50 of levigated chalk, 220 of glycerine, 100 of 
ether and 150 of spirit. This mass runs easily into the 
moulds and sets rapidly, so that, by drjdng at 20° C, the 
article can be turned out complete in three hours. 

Method for Producing Designs on Plates or Sheets of 
Celluloid, Xylonite, etc. — The old method of producing 
patterns or designs on plates of celluloid, xylonite or 
similar plastic, nitro-cellulose products, was by printing 
or pressing, with or without the assistance of warmth, or 
by moulding and painting. A newer method consists in 
stamping a design in relief on sheets of white or yellow 
celluloid, then applying colours or paints, and finally 
imparting a poKsh to one or both surfaces by means of 
suitable rollers or plates, assisted by heat and pressure, 
this treatment bringing the pattern up more efi'ectively 
on the polished surface of the sheet. 
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The mordant and colour can be applied to the printed 
plate by dipping the latter in a dye bath, whereby the 
colouring matter penetrates the hollows of the pattern 
and forms a thicker layer there than on the rest of the 
surface. The sheet is then subjected to powerful pressure, 
assisted by heat, between plates, which may be polished 
or not. The pressure and heat smoothen the engraved 
surface again and bring into admirable prominence the 
deeper portions which before were hardly noticeable. 

If one side of the sheet is to be polished, a polished 
plate is pressed against the portion that was not brought 
into contact with the dye, and this will bring the drawing 
up prominently on the polished surface, though it was 
actually impressed on the other. This polish can also be 
produced on the printed surface, or on both, the result in 
all cases being to bring out the pattern better. 

The impression can be imparted to the sheet by various 
means, such as wire, cloth, dies, rollers, etc. ; and one on 
both sides of the sheet can be coloured, all over or in parts, 
by either applying the colour locally with a brush, or 
dipping the sheet in a dye bath. 

Imitation Tortoise-shell. — Celluloid constitutes the 
most suitable imitation of tortoise-shell that has ever been 
devised; and imitations of this kind are supplied by 
celluloid makers as well as being made by consumers. 
The celluloid sheets employed for this purpose range 
from ^ to 1 of an inch in thickness. The ground 
colour of real tortoise-shell is a faint brownish yellow, to 
imitate which the celluloid is stained with picric acid in 
the process of manufacture, by means of a solution con- 
taining a little aniline brown, picric acid by itself being 
too yellow. 

The reddish brown spots so characteristic of tortoise- 
shell are imitated by means of an alcoholic solution of 
anihne brown, with a little fuchsin to bring out the 
reddish tone. As celluloid is softened by strong alcohol, 
these solutions penetrate deeply into the mass. The 
sheets having been highly polished before applying the 

7 
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colouring, the lustre removed by this latter operation is 
restored by diligent rubbing with woollen cloths. Articles 
of definite shape, Uke combs, etc., are not painted until 
the shaping process is completed. Incrustations of 
smooth-rolled metal wire, stars of thin leaf gold or sUver 
for expensive cigar cases and purses, small fancy boxes, 
etc., are pressed into the mass as already described, the 
latter being then smoothed, polished and finally coloured. 
When the colouring is applied by a skilled operator it is 
hardly possible to distinguish the imitation from the 
genuine tortoise-shell by the appearance. 

Metallic Incrustations. 

Imitations of metallic incrustations, resembling metallic 
ornamentations inlaid in ivory (or other material), are 
produced on a basis of celluloid ivory by the use of real 
or imitation gold or silver bronze mixed to a thick fluid 
with collodion. The design having been painted on the 
celluloid sheet with this medium, the sheet is laid on a 
perfectly flat, thick zinc plate, and heated to 125-130° C, 
the two sheets being then passed between smooth rollers 
under gentle pressure. This pressure is suflBcient to 
force the thick layer of colour or bronze into, and unite 
with, the softened celluloid. Ornaments stamped out of 
thin sheet metal can be fixed in celluloid in exactly the 
same way, the surface of the celluloid being then 
smoothened by rubbing over gently with powdered 
pumice, and finally polishing with Vienna lime. If 
the layer of paint or bronze has been too thick, it can be 
reduced by rubbing down. In the case of metallic 
inlays, especially those made with imitation bronzes, it is 
highly advisable to protect the metal from atmospheric 
influences by a coating of transparent material, so as to 
preserve its pristine lustre. For this purpose, thick collo- 
dion mixed with camphor solution, is • poured over the 
celluloid, in the same way as in making a collodion plate 
in photography, the surplus liquid being allowed to drain 
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off at one corner, arid the celluloid sheet set up on edge 
to dry. After several hours have elapsed, the collodion 
coating is highly polished by the simple method of rub- 
bing it with a woollen rag. 

Imitation Florentine Mosaic. 

Real Florentine mosaic work consists of cubes of marble 
or other coloured stone set together to form pictures 
(figures, ornaments, flowers, geometricall figures, etc.), and 
generally inlaid in a plate of plain marble. The laborious 
method of production renders genuine mosaic work very 
expensive, which explains the desire for a good imita- 
tion. The celluloid is used in the form of sheets not 
more than ^L inch thick, and stained in the colours to be 
reproduced in the picture. The sheets should all be rolled 
in the same mill, so as to preserve uniformity of thick- 
ness. A large numbei: of punches or dies of various 
shapes, with sharp cutting edges, are used for cutting out 
the tesserae. 

To imitate, for instance, a mosaic picture in several 
colours on a black marble ground, the contours of the 
picture are cut with punches out of a sheet of black cellu- 
loid, which has been softened by warmth to maike it 
plastic and thus prevent the cracking that would occur 
in punching out a sheet of the ordinary hardness. For 
this purpose the sheet is laid on thin boards that are 
covered with thick sheet lead, arid is warmed to about 
120° 0. At this temperature a sharp cutting tobl will 
punch the plate under the pressure of the hand. The 
cut out pieces are laid carefully on one side, as they can 
be put to further use. The same cutting tools are 
employed to cut corresponding pieces out of other coloured 
and softened sheets of celluloid, a sufficient number of 
each being prepared to enable a large quantity of mosaic 
pictures to be put together at one time. This.is essential 
owing to the high cost of the punches for each picture. 

In assembling the picture the spaces cut out of the 
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ground plate by the different punches are filled with 
pieces of corresponding shape and size (cut by the same 
punches), which fit accurately, their colour varying ac- 
cording to the requirements of the picture. For this 
work the plate must be laid on a thick and perfectly flat 
zinc plate, the finished picture being covered by a second 
zinc plate and the whole warmed to 100° C, whereupon ip 
is passed through smooth rollers under very gentle pres- 
sure and set aside to cool. The warmth will have caused 
the pieces composing the picture to expand so that the 
edges unite, and this union is strengthened by the pressure 
employed, so that there are no joints visible between the 
pieces, and the whole picture, built up of many parts, has 
become as one. The picture is then rubbed quite smooth 
with powdered pumice, and polished with Vienna lime. 
If carefully made, it forms such a perfect imitation of a 
genuine Florentine mosaic picture that the difference can 
only be detected by careful examination. To fasten the 
mosaic sheet on a backing of slate or wood, the surfaces 
to be fixed together are roughened and coated with a 
liquid prepared by dissolving 10 parts of shellac and 5 
of camphor in 40-50 of alcohol. They are then laid in 
contact and subjected to gentle pressure for several hours, 
by which time they will have firmly united. 

Celluloid Collars and Cuffs. 

These are made of sheet celluloid, not more than -^^ 
inch thick, that has been whitened with zinc while in 
the making. White lead must not be used for this pur- 
pose at all, as it would soon turn yellow, and finally grey, 
under the action of perspiration. The moulds for these 
articles are made as follows. A well-starched, new, best 
linen coUar (for example) is spread out on a zinc plate, 
and from it is made a plaster cast which accurately re- 
produces both the stitching of the seams and the texture 
of the fabric. A similar cast is taken of the underside of 
the coUar, and from these casts type-metal moulds are 
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prepared The sheet celluloid, stamped out to the proper 
shape, is laid in the previously warmed mould, and on 
pressure being apphed, the softened celluloid is forced 
into all the irregularities in the moulding surfaces and 
reproduces them. When the mould has cooled, the flat 
collar is taken out, bent round over a tinned iron pipe 
heated by steam, and passed between quick-running 
rollers covered with soft cloth so as to produce a high 
gloss. 

Phonograph CvLiNDEa Composition. 

The older method of reproducing original phonograph 
records on to celluloid cylinders consisted in makin,g an 
electro from the original record, and inserting in the 
electro (which carried the record on its inner surface) a 
celluloid cylinder, which was then warmed and suitably 
pressed against the electro. These records, however, are 
not very durable, neither are they sufficiently loud and 
pure in tone. An improvement is effected by replacing 
ordinary celluloid by a mixture of celluloid and stearic 
acid, the cylinders furnished by this compo reproducing 
the original perfectly, and giving a stronger, more resonant 
and life-like tone. The stearic acid may be added to the 
celluloid in the process of manufacture without any other 
alteration in the composition of the mass. 

Making Umbrella and Stick Handles of 
Celluloid. 

The methods of making these articles are too numerous 
to mention in the space at disposal, but attention may be 
drawn to that of Schreiner and Siever for imitation 
" tiger's eye " handles. 

These are made of transparent celluloid, A (Figs. 48, 49), 
hollow and of any shape, the interior being filled with 
colophony, resin, or any other fusible, brittle material, as 
at B, and the two ends closed with celluloid. The handle 
is then tapped gently and shaken, so as to produce in- 
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numerable small cracks in the brittle filling. When 
polished, the handle has the appearance of a solid article 
of a beautiful and novel colour. The strength of these 
handles can be increased by a thin core of wood or iron, 
C, which must not fill up the whole of the interior, but 
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Figs. 47, 48 and 49.— Stick and Umbrella Handles. 

leave enough room for the resin. The method can also 
be applied to making paper weights, door handles, but- 
tons, etc. 

Celluloid Dolls. 

The parts of the doll are rough pressed, so that there 
is little strain on the materials, especially at the joints, 
in finishing. These parts are laid together in a properly 
warmed mould and pressed, the edges being coated with 
an adhesive if necessary. The press unites the parts and 
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also cuts oif all the surplus material (flanges). The joints 
and other portions of hollow parts that are most exposed 
to bending, pressure and other strains when in use 
are strengthened by backing with small plates moulded 
to fit the parts and extending a short distance on either 
side the joints. When these backings are dry so that 
they will not get out of place in the blowing process, that 
is to say, when the backed places are as dry as the rest, 
the rough moulded hollow article is placed in the finishing 
mould and blown in the usual manner. 

Celluloid for Ships' Bottoms. 

A coating of celluloid has been successfully employed 
as a protection . against parasitic growths, etc., on ships' 
bottoms. A trial sheet about 9 square feet in area and 
yg- inch thick, quite transparent and free from any mineral 
adjuncts or paint, was fixed on the bottom plates of a 
small screw steamer. Examination, repeated annually, 
showed the celluloid to remain quite free from plant or 
crustacean growths, whereas the rest of the bottom was 
so dirty as to need cleaning. After four and a half years 
the celluloid plate exhibited not the sHghtest alteration 
in strength, elasticity or character. Celluloid varnish 
was not tried, as it necessitates a surface warmed to 36° 
C. before it can be applied. Owing, however, to the high 
price of celluloid and the difliculty of attaching it to the 
ship's plates, the practice wiU scarcely come into vogue. 

Celluloid Pens. 

These are made in France by stamping out thin sheets 
of celluloid, ebonite, vulcanite, etc., in the form of pens, 
which are then perforated, and pressed in hot moulds to 
give them the right shape. After being cooled in water 
the splits are cut with a knife. 

Colouring Finished Celluloid Articles. 

Though celluloid is obtainable in a variety of colours, 
it is sometimes necessary to stain finished articles another 
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colour. As a rule, coal-tar dyes dissolved in spirit make 
excellent stains for this material ; and for special pur- 
poses the following methods are recommended : — 

Black. — The article is dipped first in weak alkali, then 
in dilute silver nitrate, and left to dry in the sunlight. 

Blue.— A. solution of indigo nearly neutralised with 
potash is used, or a solution of Prussian blue ; or a bath 
of ferric chloride followed, after drying, by one of potas- 
sium ferrocyanide. 

Oreen. — The article is dipped in a solution of 2 parts 
of verdigris and 1 of sal ammoniac. 

Yellow. — The article is dipped successively into a solu- 
tion of lead nitrate and one of yellow chromate of potash. 

Brown. — A solution of potassium permanganate, made 
alkaline with soda, is used. 

Red. — The articles are first dipped in water, slightly 
acidified with nitric acid, and then in an ammoniacal 
solution of carmine. 

Purple. — Immersion in dilute chloride of gold, followed 
by exposure to strong sunlight. 

Printing on Celluloid. 

For ordinary lettering, etc., or showing up fine coloured 
lines, celluloid may be printed in the usual way. The 
material, however, has to be specially prepared so as to 
obtain a matt or rough surface of suitable grain (by hand- 
work, sand-blast or other means), leaving, if necessarj'', 
certain parts of the surface intact. The sheet or plate is 
swilled with water or alcohol, to free the depressions from 
any clogging, adherent particles, and is then coated with 
a varnish made of 2 parts of boiled linseed oil, 1 of white 
copal varnish and 1 of refined ethereal oil, preferably 
oil of turpentine or lavender. The varnished plate is 
wiped to force the varnish into the artificial pores of the 
grain and leave the surface bare, and is then covered for 
several hours with a mixture of equal parts of finely 
powdered magnesium and barium sulphates, after remov- 
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ing which it is carefully satined. Thi^ treatment gives a 
surface containing, enclosed in its innumerable fine pores, 
a very thin almost transparent layer that exerts chemi- 
cal attraction on the fatty bodies in printing ink and 
absorbs and retains them like paper. The most delicate 
drawings and shades of colour can be printed on this sur- 
face without risk of running or clogging. 

According to F. Meyer (Bingen) celluloid printing is 
performed as follows. On the one hand, the desired pattern, 
etc., is printed on paper or like substance, and on the 
other, the celluloid is moistened with a known solvent, 
such as alcohol, ether, etc. On pressing the paper and 
celluloid together a portion of the ink on the former dis- 
solves out and intimately mixes with the dissolved surface 
of the celluloid, thus forming a waterproof design. 

J. Artner's improvements in printing on celluloid relate 
more particularly to collars, cuffs and other washable 
apparel, with the object of protecting the applied colours 
from the perspiration of the body and friction with other 
clothes. In contrast to existing methods of printing 
celluloid, the method adopted is to coat the printed surface 
with a transparent film, protecting the colours from con- 
tact with perspiration, other clothing and from water in 
washing. 

The colours or designs are applied by rollers engraved 
in relief so that they are printed and pressed in at the 
same time. The celluloid articles are then dried, and 
coated by dipping in a warm, transparent hard-drjdng 
varnish which dissolves the surface of the celluloid and 
forms a coating that hardens on cooling so as to prevent 
the colours from rubbing off. 

This method can be applied to all celluloid articles, is 
simple and reliable, furnishing a product capable in a 
high degree of resisting external influences. The varnish 
used is a solution of copal in ether, with alcohol and water, 
and a trace of oil of turpentine, the proportions being : — 
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Gopal dried at 100° C. . 



Alcohol 

Water 

Ether (sp. gr. 0-725) 

Oil of turpentine . 



6-48 per cent. 
16-40 

1-20 
75-47 

0-45 



The. copal is dissolved in the ether, the solution diluted 
with the alcohol and water, and the oil of turpentine 
added last. The ether has a slight solvent action on the 
celluloid and assists in binding the varnish, whilst the 
oil of turpentine prevents the varnish cracking off. 

The printed and varnished articles are finally dried at 
50-55° C. 

Neupert (Altona) prints waterproof patterns on celluloid 
plates by graining the latter with equal parts of wax and 
potash, together with water, and oil of turpentine if too 
thick. A pattern applied to this surface by means of an 
alcoholic solution of colouring matter will partly dissolve 
the wax (by the alcohol and alkali together) and give a 
sharp impression. The case is parallel to the result 
obtained with sized paper in comparison with unsized, 
the dissolved colour in the present case penetrating with 
the wax into the pores of the celluloid, whereas the colour 
would run on the untreated celluloid. 

The Rheinische Gummi & CeUuloidfabrik replace alco- 
hol by acetic acid for dissolving the colouring matter, and 
thus dispense with a prehminary treatment of the surface. 
Probably this is due to the fact that this solvent attacks 
celluloid and thus penetrates it and dries therein at once. 

The running of the colour on certain kinds of celluloid 
can be prevented by moistening the surface with oil of 
turpentine or melted paraffin wax. 

Employment of Celluloid (and Pyroxylin) in 
Lacquer Varnishes. 

The solubility of celluloid and pyroxylin in more or 
less volatile liquids, such as ether, alcohol, acetone, etc., 
was utilised some twenty-five years ago for the purpose 
of coating metals and other substances with an extremely 
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thin, glossy and flexible layer of celluloid (pyroxylin). 
These solutions are now sold under various names such 
as crystalUne, Zapon lacquer, Victoria lacquer, etc., and 
difl'er from all other lacquers in that whilst they will not 
give a gloss when applied to paper, wood, fabrics, eta, 
and destroy the lustre of other lacquers, they do. not afiect 
that of polished metal, glass, etc. This cha^racteristic 
diflerence is also the reason for their extensive use, the 
main principle of which is to furnish a lacquer that is 
barely visible on the object to which it is applied, and 
does not affect the gloss, porosity, appearance, etc., of the 
material at all. Now, all resin lacquers, whether oily or 
alcoholic, show, up when in position — the lacquer on 
polished metal being iridescent by reflected light, owing 
to the heterogeneous condition of the dissolved resin. On 
the other hand, the layers of celluloid lacquer are so 
tenuous as to be invisible, and, if properly applied, they 
never iridesce on metallic surfaces. They adhere very 
tenaciously to all materials, and cannot be removed from 
metal by scraping, though the lacquers themselves are 
soft and elastic. 

All other known lacquers, even those classed as " matt," 
produce a more or less glossy surface on matt substances 
like paper, wood, etc. Absorbent substances are rendered 
stiff and hard by taking up large quantities of the solu- 
tion. Celluloid lacquers on the contrary do not interfere 
with the gloss of metal or glass, they leave the properties of 
paper, wood, etc., unchanged, whilst absorbent substances 
are left soft and flexible, owing to the peculiar. proper- 
ties of celluloid. It is clear that such a lacquer is suitable 
for very extensive use, and in fact it can be applied to 
all manner of objects : to metals (to prevent tarnishing), 
to cementing celluloid articles, as a fixing varnish for 
drawings, document varnish, printing lacquer for painting 
on fabrics, map varnish, playing card varnish, doUs'' heads, 
toys, staining and matting glass, etc. Moreover, it is 
easy to use, no skill in manipulating a brush being re- 
quired; and there are no troublesome bubbles, raised 
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edges and drops as with spirit varnishes. The celluloid 
varnish is either poured on to the article or used as a 
dipping hath, though celluloid varnishes with slow-drying 
solvents have now been introduced for brush work, and 
the combination of various volatile solvents has also 
enabled matt celluloid varnishes to be prepared. The 
coatings dry very quickly, and will last for years without 
cracking or peeling. 

Celluloid varnishes are prepared from dry or spongy 
celluloid, or from nitro- cellulose and camphor. They 
should be made in well-closed vessels, fitted with stirrers, 
and heated if possible by steam or hot water. The result- 
ing solutions should be quite clear, or soon clarify on 
standing, filtration being a difficult matter owing to the 
volatility and inflammable nature of the material, and the 
ease with which the pores of the filter are choked. 

Acetone, sulphuric ether, alcohol, amyl acetate, amyl 
hydroxide and various ac3tic esters, chlorhydrins, etc., 
can be used, together or separately, as the solvent. One 
mixture consists of acetic acid and amyl acetate ; another 
of amyl hydroxide and alcohol ; a third of amyl acetate 
and alcohol ; a fourth of acetic ether, acetic acid and ether ; 
and a fifth of amyl acetate and amyl hydroxide. Trans- 
parent celluloid, swoUen by steeping in amyl acetate, will 
dissolve in equal parts of alcohol and oil of turpentine, 
and also in amyl acetate, to a clear solution, but gives a 
matt coating on metal. Celluloid to be dissolved is cut 
into small pieces, left moistened with alcohol or ether for 
some hours and then placed in the solvent. The following 
proportions will give good results : — 



1. Celluloid . 


5 paits. 


3. Celluloid 


Amyl acetate 


16 „ 


Alcohol . 


Acetone . 


16 „ 


Camphor 


Sulph. ether 


16 „ 


4. Celluloid . 


2. Celluloid 


10 „ 


Amyl acetate 


Sulph. ether 


30 „ 


5. Celluloid . 


Acetone . 


30 „ 


Amyl acetate 


Amyl acetate 


30 „ 


Acetone . 


Camphor 


4 „ 





5 parts. 
50 

5 

5 
50 

5 
25 
25 
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The C'e generale de Chromolithographie of Paris makes 
celluloid varnish from spongy celluloid as follows : — 

The celluloid is placed in a vacuum, so that the alcohol 
and camphor evaporate — the damp mass can also be per- 
forated and then dried. This porous celluloid dissolves 
readily. It is digested first with acetic ether and acetic 
acid, then with ether, with a mixture of alcohol and castor 
oil, and finally with a mixture of oil of turpentine, alcohol 
and amyl acetate. The resulting varnish can be used 
cold. 

Hall prepares varnish from nitro- cellulose by dissolving 
2J lb. of pyroxylin in 4 gallons of amyl acetate and 4 
gallons of coal-tar benzol. Wilson dissolves nitro-celMose 
in amyl acetate, and another recipe gives 1 part of collo- 
dion wool to 6-7 of dinitrotoluol. Tscheuschner dissolves 
nitrated vegetable fibres in ether-alcohol containing boric 
acid ; and zinc chloride dissolved in hydrochloric acid is 
also said to be a medium for celluloid varnish. 

The following proportions will yield good varnishes : — ■ 

Nitro-cellulose 100 100 parts. 

Amyl acetate 150 150 „ 

Amyl alcohol 150 400 „ 

Or 1 part of pyroxylin dissolved in 40 of an alcoholic solution of 
camphor diluted with iodoform. _ 

Methyl alcohol 32 parts. 

Amyl butyl or propyl acetate .... 18 

Amyl alcohol 32 

Soluble pyroxylin 5 

Methyl alcohol 44 

Amyl ,, .... . . 10 

Propyl or butyl alcohol . . . . 20 

Camphor 5 

Soluble pyroxylin 10 

BOLTON'S EBOIPB. 

Papyroxyl 30 parts. 

Camphor 10 ,, 

Alcohol • 1,000 „ 

When collodion wool is used, 10 parts of the dry wool 
are suffused with 35 of ether, followed by 60 of 95 per 
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cent, alcohol. The sediment is removed and 4-6 parts of 
camphor are stirred into the dear solution. 

ECKSTEIN'S RECIPE. 

Collodion wool 8-10 parts. 

Ether or alcohol 100 „ 

Castor oil 2-4 per cent. 

Besin 4-10 „ 

Celluloid bottle varnish is made by dissolving — 

Pyroxylin 3-4 parts. 

Boric acid 1 ,i 

Resin 25 „ 

Pigment 50 „ 

Ether-alcohol 100 „ 

Gerard's patent prescribes dissolving 1 part of gelatine 
and 2 of trinitro-cellulose in 3 of glacial acetic acid, 19 
parts of acetic acid, a little glutin, castor oil and gum-lac 
being added. American patent 371,021 gives a mixture 
of amyl chloride, acetate and chloracetate as solvent for 
pyroxylin ; No. 372,100 mentions amyl chloride and 
camphor. A. M. Dougal's English patent states that a 
good celluloid varnish for leaden water-pipes is obtained 
by dissolving nitro- cellulose in alcohol and ether and add- 
ing castor oil or Canada balsam to the solution. A little 
magnesia or strontia can be added to increase the strength. 
Camphor phenols are also said to furnish good celluloid 
varnishes. 

According to the nature of the solvents used, the 
solutions can be readily stained with coal-tar dyes dissolved 
in spirit or oil, and very pretty effects can be obtained 
in this way. Though it would be desirable to replace 
these volatile and inflammable solvents by safer ones, 
there does not seem much likelihood of this being done. 
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Red Ochres, Rouge, Cadmium Yellow. 

Coal-tar Dves — Reds : Basic Reds, Alkaline 
Reds, Acid Reds, Resorcin Dyes, Alizarine Dyes, 
Benzidine Dyes. — Yellows and Oranges : Nitroso 



Dyes, Basic Yellow Dyes, Yellow Benzidine 
Dyes. —Blues: Basic and Acid Blues, Blue 
Benzidine Dyes, Artificial Tndigo — Violets : 
Mauveine, Acid Violet Dyes, Alizarine Violet, 
Violet Benzidine Dyes. — Greens. — Browns : 
Anthracene Brown, Benzo Dyes. — Grey and 
Black.— Aniline Dyes Soluble in Fat: Resinate 
Colours, Aniline Lakes. 

Staining Marble and Artificial Stone — 
Red, Violet, Blue, Green, Yellow, Orange, 
Brown, Black, Execution of Parti - Coloured 
Designs. 

Dyeing, Bleaching and Imitation of Bone, 
Horn and Ivory — Bone Bleaching, Dyeing 
Bone : Black, Red, Yellow, Blue, Violet, Green, 
Grey, Brown. — Horn ; Bleaching and Whitening, 
Dyeing Black, Grey, Brown, Blue, Green, Violet, 
Red, Imitation of Tortoiseshell for Combs, 
Yellow.Dyeing Nuts.— Ivory : Dyeing Black, Red, 
Yellow, Blue. Violet, Green, Grey, Brown, further 
remarks on Ivory Dyeing. 

Wood Dyeing— Black, Grey, Brown, Violet, 
Blue, Red,- Yellow Green, Imitation of Mahogany, 
Dark Walnut, Oak, Birch, Bark, Alder Mar- 
quetry, Walnut, Walnut Marquetry, Mahogany, 
Spanish Mahogany, Palisander and Rosewood, 
Tortoiseshell, Oak, Ebony, Pear Tree.— Black 
Dyeing Process with Penetrating Colours. 

Varnishes and Polishes — English Furniture 
Polish, Vienna Furniture Polish, Amber Varnish, 
Copal Varnish, Composition for Preserving Fur- 
niture. 

Index. 
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Sealing- Waxes, Wafers and Other Adhesives 



FOR THE 



Household, Office, Workshop and Factory. 



Chapter I.— SEALING-WAXES.—Introduc- 
tion — Materials used lor making Sealing-waxes — 
Notes concerning the Materials, etc.— Lab, Stick- 
lac, Seed-lac, Shell-lac, Button-lac, Garnet-lac— 
Table of Constituents of Lacs— Oil of Turpentine 
— Venice or Venetian Turpentine— Colophony 
and Rosin — White Resin — Wax — Colouring 
Matters for Sealing-waxes and other Waxes : 
Vermilion, Red Lead or Minium— For Black 
Waxes: Lamp Black, Carbon Black, Vine Black 
—Green Pigments— Blue Colouring Matters- 
Brown Colouring Matters — Inert Substances 
used in Sealing-waxes. 

Chapter IL— THE MANUFACTURE OF 
SEALING-WAXES.— The Quality of Sealing- 
waxes — Methods of making Sealing-waxes — The 
Polishing of the Sticks — Recipes and Manufac- 
ture of Sealing-waxes — Aventurine Sealing-waxes 
— Black Sealing-wax, Superior — Common Black 
Sealing-waxes — Superfine Black Sealing-waxes 
— Common Blue — Cheap Sealing-waxes for 
Common Use — Crimson Red Sealing-wax — Rose 
Red Sealing-wax — Colourless Sealing wax — 
Chocolate Brown Sealing - waxes — Brown 
Sealing-waxes — Deed Sealing-waxes — Green 
'Sealing-waxes, Ordinary, Common and Superior 
— Green Bronze Sealing-waxes — Light Green 
Sealing-waxes — Gold Sealing-waxes — Golden 
Brown Sealing-waxes — Gold Spangled Sealing- 
waxes— Golden Orange, Light and Dark Waxes 
— Marbled Sealing-waxes — Red Sealing-waxes — 
Extra Superfine Red Sealing-waxes — Superfine 
Red, Fine Red— Medium Fine Red Sealing-waxes 
— Ordinary Red Sealing-waxes — Common Red 
Sealing-waxes — Perfumed Red Sealing-wax — 
Wax for Diplomas — Transparent Sealing-waxes 
— Violet Sealing-wax- White Sealing-waxes — 
Yellow Sealing-wax — Parcel Waxes and Red 
ditto— Black Bottle Wax— Brown Parcel Wax- 
Common Cheap Bottling Wax— Miscellaneous 
Bottling Waxes. 

ChapterIII.— WAFERS.— Method of Making 
Flour Wafers— Black, Red, Rose, Blue, Yellow 
and Gelatine Wafers. 

Chapter IV.— NOTES ON THE NATURE 
OF THE MATERIALS USED IN MAKING 
ADHESIVE COMPOUNDS.— Gums— Glue- 
Gelatine — Isinglass — Flour. 

Chapter V.— CEMENTS FOR USE IN 



CONTENTS. 



THE HOUSEHOLD.— Directions for applying 
Cements — Adhesive for Alabaster and Marble — 
Waterproof Cement for Aquariums — Diamond 
Cement for Glass and Porcelain — A Simple Ad- 
hesive for Glass and China — Adhesive for Rubber 
Tyres— Cement for Earthenware and Stone- 
Casein Cements — Method for producing Pure 
Casein— Cement for Pottery-ware — Cement for 
Earthenware — Flexible Colourless Cement — 
Elastic Cement for Rubber, Guttapercha, Leatherj 
etc. — Cement for Common Glassware — Cement 
for Paraffin Lamps — Cement for Microscopic 
Specimens— Cement for Meerschaum Pipes — 
Cement for Plaster-of-Paris Casts — Cement for 
Ivory and Bone— Household Cement for General 
Use — Cement for Tortoise-shell Ornaments — 
Cements for Statuory; Plaster of Paris, Stone 
and Marble— Liquid Glue for Household Use- 
Waterproof Adhesive for Aquariums, Fresh and 
Salt Water— Mountant for Photographic Use — 
Pastes for the Household— Paste for Wall-papers. 

Chapter VI.— OFFICE GUMS. PASTES 
AND MUCILAGES.— Glue and Starch Pastes 
— Paste for Paper, Parchment, etc. — Paste for 
Smooth Metallic Surfaces — Transparent Paste 
for Paper Labels — Gum-arabic Mucilage — Gum- 
arabic Paste — A Gum Paste or Thick Mucilage — 
Office Mucilage, Flexible— Liquid Glue— Inex- 
pensive Liquid Glue. 

Chapter VII.— ADHESIVE COMPOUNDS 
FOR FACTORY AND WORKSHOP USE.— 
Waterproof Adhesive for Covering Paper Sur- 
faces — Adhesive Gloss for Various Materials — 
Adhesive to Prevent Injury to Photograph 
Films — Gold Size— Coating Paper Labels for 
Tinned Iron — Adhesive for Paper Labels — Ad- 
hesive for Leather Goods — Cement for Oak- 
tanned and Chrome-tanned Machinery Belting 
Leathers — Adhesive for Split and Morocco 
Leathers — An Adhesive for Fastening Book 
Muslin to Paper, etc. — Rubber-tyre Adhesive — 
Waterproof Glue— Paste for Photographic Prints 
—Cement for Electrical and Engineers' Use — 
Paper-bag Makers' Paste— Cements for Celluloid 
— Adhesive for Nickel Labels — Adhesive for 
Liquids in Bottles — Gasfitters' or Plumbers' 
Cement — Greenhouse Cements — India-rubber 
Cement — Guttapercha Cements .— Cutlery 
Cement — Cement for Metal Letters. Index. 
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THE CHEMISTRY OF PIGMENTS. By Ernest J. Parry, 
B.Sc. (Lond.), F.I.C., F.C.S., and J. H. Coste, F.I.C, F.C.S. Demy 
8vo. Five Illustrations. 285 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Introductory. Light— White Light — The Spectrum— The Invisible Spectrum— Normal 
Spectrum — Simple Nature of Pure Spectral Colour— The Recomposition of White Light— 
Primaty-and Complementary Colours — Coloured Bodies— Absorption Spectra — The Appli- 
cation of PIg;ments. Uses of Pigments : Artistic, Decorative, Protective — Methods of 
Application of Pigments : Pastels and Crayons, Water Colour, Tempera Painting, Fresco, 
Encaustic Painting, Oil-colour Painting, Keramic Art, Enamel, Stained and Painted Glass, 
Mosaic — Inorganic Pigments. White Lead — Zinc White— Enamel White — Whitening- 
Red Lead— Litharge — Vermilion— Royal Scarlet — The Chromium Greens — Chromates of Lead, 
Zine, Silver and Mercury — Brunswick Green — ^The Ochres — Indian Red — Venetian Red — 
Siennas and Umbers— Light Red— Cappagh Brown— Red Oxides— Mars Colours— Terre Verte 
— Prussian Brown — Cobalt Colours — Cceruleum — Smalt — Copper Pigments — Malachite- 
Bremen Green — Scheele's Green — Emerald Green — Verdigris — Brunswick Green — Non- 
arsenical Greens — Copper Blues — Ultramarine — Carbon Pigments — Ivory Black — Lamp Black 
— Bistre — Naples Yellow — Arsenic Sulphides : Orpiment, Realgar — Cadmium Yellow — 
Vandyck Brown — Orgfanic Pig^ments. Prussian Blue — Natural Lakes — Cochineal — Carmine 
T— Crimson — Lac Dye — Scarlet — Madder — Alizarin — Campeachy — Quercitron — Rhamnus— 
Brazil Wood— Alkanet — Santal Wood— Archil— Coal-tar Lakes— Red Lakes— Alizarin Com- 
pounds — Orange and Yellow Lakes — Green and Blue Lakes — Indigo— Dragon's Blood — 
Gamboge — Sepia — Indian Yellow, Puree — Bitumen, Asphaltum, Mummy^-Index. 

THE MANUFACTURE OF PAINT. A Practical Handbook 

for Paint Manufacturers, Merchants and Painters. By J. Cruickshank 
Smith, B.Sc. Demy 8vo. 200 pp. Sixty Illustrations and One Large 
Diagram. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Preparation of Raw Material — Storing of Raw Material — Testing and Valuation of Raw 
Material — Paint Plant and Machinery — ^The Grinding of White Lead — Grinding of White 
Zinc — Grinding of other White Pigments— Grinding of Oxide Paints — Grinding of Staining 
Colours— Grinding of Black Paints — Grinding of Chemical Colours — ^Yellows— Grinding of 
Chemical Colours — Blues — Grinding Greens — Grinding Reds — Grinding Lakes— Grinding 
Colours in Water — Grinding Colours in Turpentine—The Uses of Paint — Testing and Matching 
Paints — Economic Considerations — Index. 

DICTIONARY OF CHEMICALS AND RAW PRO- 

pDUCTS USED IN THE MANUFACTURE OF 

PAINTS, COLOURS, VARNISHES AND ALLIED 

PREPARATIONS. By George H. Hurst, F.C.S. Demy 

8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 

THE MANUFACTURE OF LAKE PIGMENTS FROM 
ARTIFICIAL COLOURS. By Francis H. Jennison, 
F.I.C, F.C.S. Sixteen Coloured Plates, showing Specimens of 
Eighty-nine Colours, specially prepared from the Recipes given 
In the Bool<. 136 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home; 8s. abroad.) 

Contents. « 

The Groups of the Artificial Colouring Matters — The Nature and Manipulation of Artificial 
Colours — Lake-forming Bodies for Acid Colours — Lake-forming Bodies' Basic Colours — Lake 
Bases — The Principles of Lake Formation — Red Lakes — Orange, Yellow, Green, Blue, Violet 
and Black Lakes — The Production of Insoluble Azo Colours in the Form of Pigments — The 
General Properties of Lakes Produced from Artificial Colours — Washing, Filtering and Fin- 
ishing—Matching and Testing Lake Pigments — Index 



PAINTS, COLOURS, ETC— continued. 

THE MANUFACTURE OP MINERAL AND LAKE 
PIGMENTS. Containing Directions for the Manufacture 
of all Artificial, Artists and Painters' Colours, Enamel, Soot and Me- 
tallic Pigments. A Text-book for Manufacturers, Merchants, Artists 
and Painters. By Dr.,JosEF Bersch. Translated by A. C. Wright, 
M.A. (Oxon.), B.Sc. (Lond.). Forty-three Illustrations. 476 pp., demy 
8vo. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

Contents. 

Introduction — Physico-chemical Behaviour of Pigments — Raw Materials Employed in 
the Manufacture of Pigments — Assistant Materials — Metallic Compounds — The Manufacture 
of Mineral Pigments— The Manufacture of White Lead — Enamel White-^Washing Apparatus 
— Zinc White — Yellow Mineral Pigments — Chrome Yellow — Lead Oxide Pigments — 
Other Yellow Pigments — Mosaic Gold — Red Mineral Pigments — The Manufacture of Ver- 
milion — ^Antimony Vermilion — Ferric Oxide Pigments — Other Red Mineral Pigments — Purple 
of Cassius — Blue Mineral Pigments — Ultramarine — Manufacture of Ultramarine — Blue 
Copper Pigments— Blue Cobalt Pigments — Smalts— Green Mineral Pigments — Emerald 
Green — Verdigris — Chromium Oxide — Other Green Chromium Pigments— Green Cobalt Pig- 
ments — Green Manganese Pigments — Compounded Green Pigments — Violet Mineral Pig- 
ments — Brown Mineral Pigments — Brown Decomposition Products^Black Pigments — Manu- 
facture of Soot Pigments — Manufacture of Lamp Black — The Manufacture of Soot Black 
without Chambers— Indian Ink — Enamel Colours — Metallic Pigments — Bronze Pigments- 
Vegetable Bronze Pigments, 

PiGRiENTS OP Organic Origin — Lakes — Yellow Lakes — Red Lakes — Manufacture of 
Carmine — ^The Colouring Matter of Lac — SafBower or Carthamine Red — Madder andl 
its Colouring Matters — Madder Lakes — Manjit (Indian Madder) — Lichen Colouring Matters — - 
Red Wood Lakes— The Colouring Matters of Sandal Wood and Other Dye Woods — Blue 
Lakes — Indigo Carmine — The Colouring Matter of Log Wood — Green Lakes — Brown Organic: 
Pigments — Sap Colours — Water Colours — Crayons — Confectionery Colours — The Preparationi 
of Pigments for Painting — The Examination of Pigments — Examination of Lakes^Tfafc 
Testing of Dye-Woods — ^The Design of a Colour Works — Commercial Names of Pigments — 
Appendix : Conversion of Metric to English Weights and Measures— Centigrade and Fahrenheit 
Thermometer Scales — Index. 

RECIPES FOR THE COLOUR, PAINT, VARNISH, OIL, 
SOAP AND DRYSALTERY TRADES. Compiled by 
An Analytical Chemist. 350 pp. Demy 8vo. Price 7s. 6d. net. (Post 
free, 8s. home ; 8s. 3d. abroad.) 

Contents. 

Pigments or Colours for Paints, Lithografihic and Letterpress Printing Inks, etc.-** 
Mixed Paints and Preparations for Paint-making, Painting, Lime-washing, Paperhanging, 
etc. — Varnishes for Coach-builders, Cabinetmakers, Wood-workers, Metal-workers, Photo- 
graphers, etc. — Soaps for Toilet, Cleansing, Polishing, etc. — Perfumes — Lubricating Greases, 
Oils, etc. — Cements, Pastes, Glues and Other Adhesive Preparations — Writing, Marking, 
Endorsing and Other Inks — Sealing-wax and Office Requisites — Preparations for the Laundry, 
Kitchen, Stable and General Household Uses — Disinfectant Preparations — Miscellaneous 
Preparations — Index. 

OIL COLOURS AND PRINTERS' INKS. By Louis 

Edgar And£s. Translated from the German. 215 pp. Crown 8vo. 
56 Illustrations. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Linseed Oil — Poppy Oil — Mechanical Purification of Linseed Oil — Chemical Purification of 
Linseed Oil — Bleaching Linseed Oil — Oxidizing Agents for Boiling Linseed Oil — Theory of 
Oil Boiling — Manufacture of Boiled Oil — Adulterations of Boiled Oil — Chinese Drying Oil and 
Other Specialities — Pigments for House and Artistic Painting and Inks — Pigment for 
Printers' Black Inks — Substitutes for Lampblack — Machinery for Colour Grinding and 
Rubbing — Machines for mixing Pigments with the Vehicle — Paint Mills — Manufacture of 
. House Oil Paints — Ship Paints — Luminous Paint — Artists* Colours — Printers' Inks: — 
VEHICLES— Printers' Inks :— PIGMENTS and MANUFACTURE— Index. 

(See also Writing Inks, p. ii.) 

THREE HUNDRED SHADES FOR DECORATORS 
AND HOW TO MIX THEM. 

(See page 28.) 



PAINTS, COLOURS, ETC.— continued. 

CASEIN, By Robert Scherer. Translated from the German 
by Chas. Salter. Demy 8vo, Illustrated. 160 pp. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Casein : Its Ori^n, Preparation and Properties. Various Methods of Preparing 
Casein. Composition and Properties of Casein. Casein Paints. — " Marble-Lime " 
Colour for Outside Work — Casein Enamel Paint — Casein Facade Paint — Cold- Water Paint in 
Powder Form — Kistory's Recipe for Casein Paint and Varnish — Pure Casein Paints for Walls, 
etc. — Casein Paints for Woodwork and Iron — Casein-Silicate Paints — Milk Paints — Casein- 
Silicate Paint Recipes — ^Trojel's Boiled Oil Substitute— Calsomine Wash— Quick-Drying 
Casein Paint — Boiled Oil Substitute — Ring's Cold-Water Paint — Formolactin — Waterproof 
Paint for Playing Cards— Casein Colour Lake— Casein-Cement Paint. The Technics of 
Casein Painting. Casein Adheslves and Putties.— Casein Glue in Plates or Flakes— 
Jeromin's Casein Adhesive — Hall's Casein Glue — Waterproof Glue — Liquid Casein Glue- 
Casein and Borax Glue — Solid Casein Adhesive — Casein Solution — Glue Powder — Casein 
Putties — ^Washable Cement for Deal Boards — Wenk's Casein Cement — Casein and Lime Cement 
— "Pitch Barm"— Casein Stopping— Casein Cement for Stone. The Preparation of 
Plastic Masses from Casein. — Imitation Ivory — Anti-Radiation and Anti-Corrosive Com- 
position — Dickmann's Covering for Floors and Walls — Imitation Linoleum — Imitation 
Leather— Imitation Bone — Plastic Mass of Keratin and Casein — Insulating Mass— Plastic 
Casein Masses — Horny Casein Mass — Plastic Mass from Celluloid — Casein Cellulose Compo- 
sition — Fireproof Cellulose Substitute — Nitrocellulose and Casein Composition — Franquet's 
Celluloid Substitute— Gatalith. Uses of Casein In the' Textile Industry, for Flnlshlnsf 
Colour Printing*, etc. — Caseogum — " Glutin "—Casein Dressing for Lmen and Cotton 
Fabrics — Printing Colour with Metallic Lustre — Process for Softening, Sizing and Loading — 
Fixing Casein and Other Albuminoids on the Fibre — Fixing Insoluble Colouring Matters- 
Waterproofing and Softening Dressing — Casein for Mercerising CrSpe — Fixing Zinc White on 
Cotton with Formaldehyde — Casein- Magnesia — Casein Medium for Calico Printing — Loading 
Silk. Casein Foodstuffs. — Casein Food — Synthetic Milk — Milk Food — Bmulsiflable Casein 
— Casein Phosphate for Baking — Making Bread, Low in Carbohydrates, from Flour and Curd 
— Preparing Soluble Casein Compounds with Citrates — Casein Food. Sundry Applications 
of Casein. — Uses of Casein in the Paper Industry — Metachromotype Paper — Sizing Paper 
with Casein — Waterproofing Paper — Casein Solution for Coating Paper — Horn's Clear Solu- 
tion of Casein — Water- and Fire-proof Asbestos Paper and Board — Paper Flasks, etc., for 
Oils and Fats— Washable Drawing and Writing Paper — Paper Wrappering for Food, Cloth- 
ing, etc. — Paint Remover — Casein Photographic Plates — Wood-Cement Roofing Pulp — Cask 
Glaze of Casein and Formaldehyde — ^Artists* Canvas — Solidifying Mineral Oils — Uses of 
Casein in Photography — Casein Ointment— Clarifying Glue with Casein — Casein in Soap- 
making — Casein-Albumose Soap — Casein in Sheets, Blocks, etc. — Waterproof Casein, 

SIMPLE METHODS FOR TESTING PAINTERS' 
MATERIALS. By A. C. Wright, M.A. (Oxon.), B.Sc. 

(Lond.). Crown 8vo. 160 pp. Price 5s. net. (Post free, 5s. 3d. 
home ; 5s. 6d. abroad.) 

Contents. 

Necessity for Testing — Standards — Arrangement — The Apparatus — The Reagents — 
Practical Tests— Dry Colours— Stiff Paints — Liquid and Bnamel Paints — Oil Varnishes — 
Spirit Varnishes — Driers — Putty — Linseed Oil — Turpentine — Water Stains — The Chemical 
Examination — Dry Colours and Paints — White Pigments and Paints — ^Yellow Pigments and 
Paints — Blue Pigments and Paints — Green Pigments and Paints — Red Pigments and Paints — 
Brown Pigments and Paints — Black Pigments and Paints — Oil Varnishes — Linseed Oil- 
Turpentine. 

IRON - CORROSION, ANTI - FOULING AND ANTI- 
CORROSIVE PAINTS. Translated from the German of 
Louis Edgar Andes. Sixty-two Illustrations. 275 pp. Demy 8vo. 
Price 10s. 6d. net. (Post free, 10s. lOd. home ; lis. 3d. abroad.) 
Contents. 

Iron-rust and its Formation — Protection from Rusting by Paint — Grounding the Iron with 
Linseed Oil, etc. — ^Testing Paints — Use of Tar for Paintmg on Iron — Anti-corrosive Paints — 
Linseed Varnish — Chinese Wood Oil — Lead Pigments — Iron Pigments — Artificial Iron Oxides 
—Carbon — Preparation of Anti-corrosive Paints — Results of Examination of Several Anti- 
corrosive Paints — Paints for Ship's Bottoms — ^Anti-fouHng Compositions — Various Anti-cor- 
rosive and Ship's Paints — OfBcial Standard Specifications for Ironwork Paints — Index. 

THE TESTING AND VALUATION OF RAW MATE- 
RIALS USED IN PAINT AND COLOUR MANU- 
FACTURE. By M. W. Jones, F.C.S. A Book for the 
Laboratories of Colour Works. 88 pp. Crown 8vo. Price Ss. net. 
(Post free, 5s. 3d. home and abroad.) 



Contents. 

Aluminium Compounds— China Clay— Iron Compounds — Potassium Compounds— Sodium 
Compounds — ^Ammonium Hydrate — Acids — Chromium Compounds — Tin Compounds — Copper 
Compounds — Lead Compounds — Zinc Compounds — Manganese Compounds — Arsenic 
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Technical and Consulting Chemist. Demy 8vo. 226 pp. Forty Illus- 
trations, Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

Contents. 

History — Ores of Lead — Geographical Distribution of the Lead Industry — Chemical and 
Physical Properties of Lead — Alloys of Lead — Compounds of Lead — Dressing of Lead Ores 
— Smelting of Lead Ores — Smelting in the Scotch or American Ore-hearth — Smelting in the 
Shaft or Blast Furnace — Condensation of Lead Fume — Desilverisation, or the Separation 
of Silver from Argentiferous Lead — Cupellation — The Manufacture of Lead Pipes and 
Sheets — Protoxide of Lead — Litharge and Massicot — Red Lead or Minium — Lead Poisoning 
— Lead Substitutes — Zinc and its Compounds — Pumice Stone — Drying Oils and Siccatives 
— Oil of Turpentine Resin — Classification of Mineral Pigments — Analysis of Raw and Finished 
Products — Tables — Index. 

NOTES ON LEAD ORES : Their Distribution and Properties. 
By Jas. Fairie, F.G.S. Crown 8vo. 64 pages. Price 2s. 6d, net. 
(Post free, 2s. 9d. home ; 3s. abroad.) 



Industrial Hygiene. 

THE RISKS AND DANGERS TO HEALTH OF VARI- 
OUS OCCUPATIONS AND THEIR PREVENTION. 

By Leonard A. Parry, M.D., B.Sc. (Lond.). 196 pp. Demy 8vo. 
Price 7s. 6d. net. (Post tree, 7s. lOd. home ; as. abroad.) 
Contents. 

Occupations which are Accompanied by the Generation and Scattering of Abnormal 
Quantities of Dust — Trades in which there is Danger of Metallic Poisoning — Certain Chemi- 
cal Trades — Some Miscellaneous Occupations — ^Trades in which Various Poisonous Vapours 
are Inhaled— General Hygienic Considerations — Index. 



12 

Industrial Uses of Air, Steam and 

Water. 

DRYING BY MEANS OP AIR AND STKAM. Explana- 
tions, Formulae, and Tables for Use in Practice. Translated from the 
German of E. Hausbrand, Two folding Diagrams and Thirteen Tables. 
Crown 8vo. 72 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. 
abroad.) 

Contents. 

British and Metric Systems Compared— Centigrade and Fahr. Thermometers— Estimation 
of the Maximum Weight of Saturated Aqueous Vapour which can be contained in 1 kilo, 
of Air at Different Pressure and Temperatures— Calculation of the Necessary Weight and 
Volume of Air, and of the Least Expenditure of Heat, pel Drying Apparatus with .Heated 
Air, at the Atmospheric Pressure: ^4, With the Assumption that the Air is Completely Satur- 
ated with Vapour both before Entry and after Exit from the Apparatus— B, When the 
Atmospheric Air is Completely Saturated be/ore entry ^ but at its exit is only %\or\ Saturated 
— C, When the Atmospheric Air is not Saturated with Moisture before Entering the Drying 
Apparatus — Drying Apparatus, in which, in the Drying Chamber, a Pressure is Artificially 
Created, Higher or Lower than that of the Atmosphere — Drying by Means of Superheated 
Steam, without Air — Heating Surface, Velocity of the Air Current, Dimensions of the Drying 
Room, Surface of the Drying Material, Losses of Heat — Index. 

(See also " Evaporating, Condensing and Cooling Apparatus,'' p. 26.) 



PURE AIR, OZONE AND WATER. A Practical Treatise 
of their Utilisation and Value in Oil, Grease, Soap, Paint, Glue and 
other Industries. By W. B. Cowell. Twelve Illustrations. Crown 
8vo. 85 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 6d. abroad.) 

Contents. 

Atmospheric Air; Lifting of Liquids ; Suction Process ; Prejiaring Blown Oils; Preparing 
Siccative Drying Oils — Compressed Air; Whitewash — Liquid Air; Retrocession — Purification 
of Water; Water Hardness — Fleshings and Bones — Ozonised Air in the Bleaching and De- 
odorising of Fats, Glues, etc. ; Bleaching Textile Fibres — Appendix : Air and Gases ; Pressure 
of Air at Various Temperatures ; Fuel ; Table of Combustibles ; Saving of Fuel by Heating 
Feed Water ; Table of Solubilities of Scale Making Minerals ; British Thermal Units Tables ; 
Volume of the Flow of Steam into the Atmosphere ; Temperature of Steam — Index. 



THE INDUSTRIAL USES OP WATER. COMPOSI- 
TION — EFFECTS— TROUBLES — REMEDIES— RE- 
SIDUARY WATERS— PURIFICATION— ANALYSIS. 

By H. DB LA Coux. Royal 8vo. Translated from the French and 
Revised by Arthur Morris. 364 pp. 135 Illustrations. Price 10s. 6d. 
net. (Post free, lis. home; lis. 6d. abroad.) 

Contents. 

Chemical Action of Water in Nature and in Industrial Use — Composition of Waters — 
Solubility of Certain Salts in Water Considered from the Industrial Point of View — Effects on 
the Boiling of Water — Effects of Water in the Industries — Difficulties with Water — Peed 
Water for Boilers — ^Water in Djjeworks, Print Works, and Bleach Works — ^Water in the 
Textile Industries and in Conditioning — Water in Soap Works — Water in Laundries and 
Washhouses — Water in Tanning — Water in Preparing Tannin and Dyewood Extracts — Water 
in Papermaking — Water in Photography — Water in Sugar Refining — Water in Making Ices 
and Beverages— Water in Cider Making — Water in Brewing — Water in Distilling — Preliminary 
Treatment and Apparatus — Substances Used for Prelimmary Chemical Purification — Com- 
mercial Specialities and their Employment — Precipitation of Matters in Suspension in Water 
— ^Apparatus for the Preliminary Chemical Purification of Water — Industrial Filters — Indus- 
trial Sterilisation of Water — Residuary Waters and their Purification — Soil Filtration- 
Purification by Chemical Processes — Analyses — Index. 

{See Books on Smoke Prevention^ Engineering and Metallurgy , p, 26, etc) 
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X Rays. 

PRACTICAL X RAY WORK. By Frank T. Addyman, 
B.Sc. (Lond.), F.I.C., Member of the Roentgen Society of London ; 
Radiographer to St. George's Hospital ; Demonstrator of Physics and 
Chemistry, and Teacher of Radiography in St. George's Hospital 
Medical School. Demy 8vo. Twelve Plates from Photographs of X Ray 
Work. Fifty-two Illustrations. 200 pp. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. 3d. abroad.) 

Contents. 

Historical— Work leading up to the Discovery of the X Rays— The Discovery— Appara- 
tUB and its Management- Electrical Terms— Sources of Electricity- Induction Coils- 
Electrostatic IMaohines— Tubes— Air Pumps— Tube Holders and Stereoscopic Apparatus- 
Fluorescent Screens— Practical X Ray Worlc— Installations— Radioscopy— Radiography— 
X Rays m Dentistry— X Rays in Chemistry— X Rays in War^Index. 

I, .■ .. „ ... List Of Plates. 

i* ronttsfwcc— Congenital Dislocation of Hip-Joint.— I., Needle in Finger.— II., Needle in 
Foot.— III., Revolver Bullet in Calf and Leg.— IV., A Method of Localisation.— V., Stellate 
Fracture of Patella showing shadow of " Strapping ".—VI., Sarcoma.— VII., Six-weeks-old 
Injury to Elbow showing new Growth of Bone.— VIII., Old Fracture of Tibia and Fibula 
badly set— IX., Heart Shadow.— X., Fractured Femur showine Grain of Splint.— XL. Bar- 
ren's Method of Localisation. 

India- Rubber and Gutta Percha. 

INDIA-RUBBER AND GUTTA PERCHA. Translated 
from the French of T. Seeligmann, G. Lamy Torvilhon and H. 
Falconnet by John Geddes McIntosh. Royal 8vo. 

[Out of print. Second Edition in preparation. 
Contents. 

India- Rubber— Botanical Origin— Climatology— Soil— Rational Culture and Acclimation 
of the Different Spe:ies of India-Rubber Plants— Methods of Obtaining the Latex — Methods 
of Preparing Raw or Crude India-Rubber — Classification of the Commercial Species of 
Raw Rubber — Physical and Chemical Properties of the Latex and of India-Rubber — 
Mechanical Transformation of Natural Caoutchouc into Washed or Normal Caoutchouc 
(Purification) and Normal Rubber into Masticated Rubber — Softening, Cutting, Washing, 
Drying — Preliminary Observations — Vulcanisation of Normal Rubber — Chemical and Physical 
Properties of Vulcanised Rubber — General Considerations — Hardened Rubber or Ebonite — 
Considerations on Mineralisation and other Mixtures — Coloration and Dyeing — ^Analysis 
of Natural or Normal Rubber and Vulcanised Rubber^Rubber Substitutes — Imitation Rubber. 

Gutta Perclia— Botanical Oriein—Climatology—Soil— Rational Culture— Methods of 
Collection— Classification of the Different Species of Commercial Gutta Percha— Physical 
and Chemical Properties — Mechanical Transformation — Methods of Analysing — Gutta Percha 
Substitutes — Index. 

Leather Trades. 

PRACTICAL TREATISE ON THE LEATHER IN- 
DUSTRY. By A. M. Villon. Translated by Frank T. 
Addyman, B.Sc. (Lond.), F.I.C., F.C.S. ; and Corrected by an Emi- 
nent Member of the Trade. 500 pp., royal 8vo. 123 Illustrations. 
Price 21s. net. (Post free, 21s. 6d. home; 22s. 6d. abroad.) 
Contents. 

Preface — ^Translator's Prefece — List of Illustrations. 

Part I., Materials used in Tannings— Skins: Skin and its Structure; Skins used in 
Tanning; Various Skins and their Uses — Tannin and Tanning Substances: Tannin; Barks 
(Oak) ; Barks other than Oak ; Tanning Woods ; Tannin-bearing Leaves ; Excrescences ; 
Tan-bearing Fruits; Tan-bearing Roots and Bulbs; Tanning Juices; Tanning Substances 
used in Various Countries; Tannin Extracts; Estimation of Tannin and Tannin Principles. 

Part II., Tannins' — l*^^ Installation of a Tannery: Tan Furnaces; Chimneys, Boilers, 
etc.; Steam Engines — Grinding and Trituration of Tanning Substances: Cutting up Bark; 
Grinding Bark ; The Grinding of Tan Woods ; Powdering Fruit, Galls and Grains ; Notes on 
the Grinding of Bark-^Manufacture of Sole Leather: Soaking; Sweating and Unhairing; 
Plumping and Colouring; Handling; Tanning; Tanning Elephants' Hides; Drying; 
Striking or Pinning — Manufacture of Dressing Leather: Soaking; Depilation; New Pro- 
cesses for the Depilation of Skins; Tanning; Cow Hides; Horse Hides; Goat Skins; Manu- 
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facture of Split Hides — On Various Methods of Tanning : Mechanical Methods; Physical 
Methods; Chemical Methods; Tanning with Extracts — Quantity and Quality; Quantity; 
Net Cost; Quality of Leather — Various Manipulations of Tanned Leather: Second Tanning; 
Grease Stains; Bleaching Leather; Waterproofing Leather; Weighting Tanned Leather; 
Preservation of Leather — Tanning Various Skins. 

Part IIL, Currying — Waxed Calf: Preparation; Shaving; Stretching or Slicking; 
Oiling the Grain ; Oiling the Flesh Side; Whitening and Graining; Waxing; Finishing; Dry 
Finishing; Finishing in Colour; Cost— White Calf: Finishing in White— Cow Hide for 
Upper Leathers: Black Cow Hide; White Cow Hide; Coloured Cow Hide— Smooth Cow 
Hide — Black Leather — Miscellaneous Hides: Horse; Goat; Waxed Goat Skin; Matt Goat 
Skin — Russia Leather: Russia Leather; Artificial Russia Leather. 

Part IV., Enamelled, Hungary and Chamoy Leather, Morocco, Parchment, Purs 
and Artificial Leather— Enamelled Leather: Varnish Manufacture; Application of the 
Enamel; Enamelling in Colour — Hungary Leather: Preliminary; Wet Work or Prepara- 
tion; Aluming; Dressing or Loft Work; Tallowing; Hungary Leather from Various Hides 
— Tawing : Preparatory Operations ; Dressing ; Dyeing Tawed Skins ; Rugs — Chamoy Leather 
— Morocco: Preliminary Operations; Morocco Tanning; Mordants used in Morocco Manu- 
facture; Natural Colours used in Morocco Dyeing; Artificial Colours; Different Methods 
of Dyeing; Dyeing with Natural Colours; Dyeing with Aniline Colours; Dyeing with 
Metallic Salts; Leather Printing; Finishing Morocco; Shagreen; Bronzed Leather — Gilding 
and Silvering: Gilding; Silvering; Nickel and Cobalt — Parchment — Furs and Furriery: 
Preliminary Remarks; Indigenous Furs; Foreign Furs from Hot Countries; Foreign Furs 
from Cold Countries ; Furs from Birds' Skins; Preparation oF Furs; Dressing; Colouring; 
Preparation of Birds' Skins; Preservation of Furs — Artificial Leather: Leather made from 
Scraps; Compressed Leather; American Cloth; Papier IVI^ch6; Linoleum; Artificial Leather. 

Part v., Leather Testing- and the Theory of Tanning— Testing and Analysis of Leather : 
Physical Testing of Tanned Leather; Chemical Analysis — The Theory of Tanning and the 
other Operations of the Leather and Skin Industry: Theory of Soaking; Theory of Un- 
hairing; Theory of Swelling; Theory of Handling; Theory of Tanning; Theory of tipe 
Action of Tannin on the Skin; Theory of Hungarijr Leather Making; Theory of Tawing; 
Theory of Chamoy Leather Making ; Theory or Mineral Tanning. 

Part VI., Uses of Leather — Machine Belts: Manufacture or Belting; Leather Chain 
Belts ; Various Belts ; Use of Belts — Boot and Shoe-making : Boots and Shoes ; Laces — 
Saddlery : Composition of a Saddle ; Construction of a Saddle — Harness : The Pack Saddle ; 
Harness — Military Equipment — Glove Making — Carriage Building — Mechanical Uses. 

Appendix, The World's Commerce In Leather— Europe ; America; Asia; Africa: 
Australasia — Index. J 

THE LEATHER WORKER'S MANUAL. Being a Com- 
pendium of Practical Recipes and Working Formulae for Curriers, 
Bootmakers, Leather Dressers, Blacking Manufacturers, Saddlers, 
Fancy Leather Workers. By H. C. Standage. Demy 8vo. 165 pp. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents- 
Blackings, Polishes, Glosses, Dressings, Renovators, etc., for Boot and Shoe Leather — 
Harness Blackings, Dressings, Greases, Compositions, Soaps, and Boot-top Powders and 
Liquids, etc., etc. — Leather Grinders* Sundries — Currier's Seasonings, Blacking Compounds, 
Dressings, Finishes, Glosses, etc. — Dyes and Stains for Leather — Miscellaneous Information 
— Chrome Tannage — Index. 

Books on Pottery, Bricks, 
Tiles, Glass, etc. 

THE MANUAL OP PRACTICAL POTTING. Compiled 
by Experts, and Edited by Chas. F. Binns. Revised Third Edition 
and Enlarged. 200 pp. Price 17s. 6d. net. (Post free, 17s. lOd. home ; 
IBs. 3d. abroad.) 

Contents. 

Introduction. The Rise and Progress of the Potter's Art— Bodies. China and Porcelain 
Bodies, Parian Bodies, Semi-porcelain and Vitreous Bodies, Mortar Bodies, Earthenwares 
Granite and C.C. Bodies, Miscellaneous Bodies, Sagger and Crucible Clays, Coloured 
Bodies, Jasper Bodies, Coloured Bodies for Mosaic Pamting, Encaustic Tile Bodies, Body 
Stains, Coloured Dips — Glazes. China Glazes, Ironstone Glazes, Earthenware Glazes, 
Glazes without Lead, Miscellaneous Glazes, Coloured Glazes, Majolica Colours— Qold and 
Gold Colours. Gold, Purple of Cassius, Marone and Ruby, Enamel Coloured Bases, 
Enamel Colour Fluxes, Enamel Colours, Mixed Enamel Colours, Antique and Vellum 
Enamel Colours, Underglaze Colours, Underglaze Colour Fluxes, Mixed Underglaze Colours, 
Flow Powders, Oils and Varnishes— Means and Methods. Reclamation of Waste Gold, 
The Use of Cobalt, Notes on Enamel Colours, Liquid or Bright Gold— Classification and 
Analysis. Classification of Clay Ware, Lord Playfair's Analysis of Clays, The Markets of 
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the World, Time and Scale ot Firing, Weights of Potter's Material, Decorated Goods 
Count— Comparative Loss of W«ight of Clays— Ground Felspar Calculations— The Conver- 
sion of Slop Body Recipes into Dry Weight— The Cost of Prepared Earthenware Clay- 
Forms and Tables. Articles of Apprenticeship, Manufacturer's Guide to Stocktaking, 
Table of Relative Values of Potter's Materials, Hourly Wages Table, Workman's Settling 
"able. Comparative Guide for Earthenware and China Manufacturers in the use of Slop Flint 
and Slop Stone, Foreign Terms applied to Earthenware and China Goods, Table for the 
Conversion of Metrical Weights and Measures on the Continent and South America— Index. 

CERAMIC TECHNOLOGY : Being some Aspects of Tech- 
nical Science as Applied to Pottery Manufacture. Edited by Charles 
F. BiNNS. 100 pp. Demy 8vo. Price 12s. 6d. net. (Post free, 
12s. lOd. home; 13s. abroad.) 

Contents. 

Preface— The Chemistry of Pottery — Analysis and Synthesis — Clays and their Com- 
ponents — The Biscuit Oven — Pyrometry — Glazes and their Composition — Colours and 
Colour-making — Index, 

A TREATISE ON THE CERAMIC INDUSTRIES. A 

Complete Manual for Pottery, Tile and Brick Works. By Emile 
BouRRY. Translated from the French by Wilton P. Rix, Examiner 
in Pottery and Porcelain to the City and Guilds of London Technical 
Institute, Pottery Instructor to the Hanley School Board. Royal 
8vo. 760 pp. 323 Illustrations. Price21s.net. (Post free, 22s. home ; 
24s. abroad.) 

Contents. 
Part 1., General Pottery Methods. Definition and History. Definitions and Classifi- 
cation of Ceramic Products — Historic Summary of the Ceramic Art — Raw Materials of 
Bodies. Clays : Pure Clay and Natural Clays — Various Raw Materials : Analogous to Clay — 
Agglomerative and Agglutinative — Opening — Fusible — Refractory — Trials of Raw Materials 
— Plastic Bodies. Properties and Composition — Prei)aration of Raw Materials; Disaggrega- 
tion — Purification — Preparation of. Bodies: By Plastic Method — By Dry Method — By Liquid 
Method — Formation. Processes of Formation : Throwing — Expression — Moulding by Hand, 
on the Jolley, by Compression, by Slip Casting-^Slapping — Slipping — Drying. Drying of 
Bodies — Processes of Drying: By Evaporation — By Aeration — By Heating— By Ventilation 
— By Absorption — Glazes. Composition and Properties — Raw Materials — Manufacture 
and Application — Firing. Properties of the Bodies and Glazes during Firing — Description 
of the Kilns — Working of the Kilns — Decoration. Colouring Materials — Processes of 
Decoration, 

Part IL, Special Pottery Methods. Terra Cottas. Classification: Plain Ordinary, 
Hollow, Ornamental, Vitrified, and Light Bricks — Ordinary and Black Tiles — Paving Tiles — 
Pipes — ^Architectural Terra Cottas — ^Vases, Statues and Decorative Objects — Common Pottery 
— Pottery for Water and Filters — Tobacco Pipes — Lustre Ware — Properties and Tests for 
Terra Cottas — Fireclay Goods. Classification ; Argillaceous, Aluminous, Carboniferous, 
Silicious and Basic Fireclay Goods — Fireclay Mortar (Pug) — Tests for Fireclay Goods — 
Faiences. Varnished Faiences — Enamelled Faiences — Silicious Faiences — Pipeclay Faiences 
— Pebble Work — Feldspathic Faiences — Composition, Processes of Manufacture and General 
Arrangements of Faience Potteries — Stoneware, Stoneware Properly So-called; Paving 
Tiles— Pipes — Sanitary Ware — Stoneware for Pood Purposes and Chemical _ Productions — 
Architectural Stoneware — ^Vases, Statues and other Decorative Objects — Fine Stoneware 
— Porcelain. Hard Porcelain for Table Ware and Decoration, for the Fire, for Electrical 
Conduits, for Mechanical Purposes ; Architectural Porcelain, and Dull or Biscuit Porcelain — 
Soft Phosphated or English Porcelain— Soft Vitreous Porcelain, French and New Sevres— 
Araillaceous Soft or Seger's Porcelain — Dull Soft or Parian Porcelain — Dull Feldspathic 
Soft Porcelain— Index. 

POTTERY DECORATING. By R. Hainbach. Translated 
from the German. Crown 8vo. 22 Illustrations. Deals with Glazes, 
Colours, etc. [In the Press. 

ARCHITECTURAL POTTERY. Bricks, Tiles, Pipes, Ena- 
melled Terra-cottas, Ordinary and Incrusted Quarries, Stoneware 
Mosaics, Faiences and Architectural Stoneware. By Leon Lef]6vre. 
With Five Plates. 950 Illustrations in the Text, and numerous estimates. 
500 pp., royal 8vo. Translated from the French by K. H. Bird, M.A., 
and W. Moore Binns. Price 15s. net. (Post free, 15s. 6d. home ; 
16s. 6d. abroad.) 

Contents. 
Part I. Plain Undecorated Pottery.— Clays, Bricks, Tiles, Pipes, Chimney Flues, 
Terra-cotta. 

Part IL Made-up br Decorated Pottery. 
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THE ART OP RIVETING GLASS, CHINA AND 
EARTHENWARE. By J. Howarth. Second Edition. 
Paper Cover. Price Is. net ; by post, home or abroad, Is. Id. 

NOTES ON POTTERY CLAYS. Their Distribution, Pro- 
perties, Uses and Analyses of Ball Clays, China Clays and China 
Stone. By Jas. Fairie, F.G.S. 132 pp. Crown 8vo. Price 3s. 6d. 
net. (Post free, 3s. 9d. home ; 3s. lOd. abroad.) 

A Reissue of 
THE HISTORY OP THE STAPPORDSHIRE POTTER- 
IES ; AND THE RISE AND PROGRESS OP THE 
MANUPACTURE OP POTTERY AND PORCELAIN. 

With References to Genuine Specimens, and Notices of Eminent Pot- 
ters. By Simeon Shaw. (Originally Published in 1829.) 265 pp. 
Demy 8vo. Price 7s. 6d. net. {Post free, 7s. lOd. home ; 8s. 3d. abroad.) 
Contents. 
Introductory Chapter showing the position of the Pottery Trade at the present time 
(1899)— Preliminary Remarks— The Potteries, comprising Tunstall, Brownhills, Green- 
Beld and New Field, Golden Hill, Latebrook, Green Lane, Burslem, Longport and Dale Hall, 
Hot Lane and Cobridge, Hanley and Shelton, Etruria, Stoke, Penkhull, Penton, Lane Delph, 
Foley, Lane End — On the Origin of the Art, and its Practice among the early Nations- 
Manufacture of Pottery, prior to 1700— The Introduction of Red Porcelain by Messrs. 
Elers, of Bradwell, 1690 — Progress of the Manufacture from 1700 to Mr. Wedgwood's 
commencement in 1760 — introduction of Fluid Glaze — Extension of the Manufacture of 
Cream Colour — Mr. Wedgwood's Queen's Ware — Jasper, and Appointment of Potter to Her 
Majesty — Black Printing — Introduction of Porcelain. Mr. W. Littler's Porcelain — Mr. 
Cookworthy's Discovery of Kaolin and Petuntse, and Patent — Sold to Mr. Champion — re- 
sold to the New Hall Com. — Extension of Term — Blue Printed Pottery. Mr, Turner, Mr. 
Spode (1), Mr. Baddeley, Mr. Spode (2), Messrs. Turner, Mr. Wood, Mr, Wilson, Mr. Minton— 
Great Change in Patterns of Blue Printed — Introduction of Lustre Pottery. Improve- 
ments in Pottery and Porcelain subsequent to 1800. 

A Reissue of 
THE CHEMISTRY OP THE SEVERAL NATURAL 
AND ARTIFICIAL HETEROGENEOUS COM- 
POUNDS USED IN MANUFACTURING POR- 
CELAIN, GLASS AND POTTERY. By Simeon Shaw. 
(OriginaUy published in 1837.) 750 pp. Royal 8vo. Pricel4s.net. (Post 
free, 15s. home ; 17s. abroad.) 

Glassware, Glass Staining and 
Painting. 

RECIPES FOR FLINT GLASS MAKING. By a British 
Glass Master and Mixer. Sixty Recipes. Being Leaves from the 
Mixing Book of several experts in the Flint Glass Trade, containing 
up-to-date recipes and valuable information as to Crystal, Demi-crystal 
and Coloured Glass in its many varieties. It contains the recipes for 
cheap metal suited to pressing, blowing, etc., as well as the most costly 
crystal and ruby. Crown 8vo. Price 10s. 6d. net. (Post free, 10s. 9d. 
home ; 10s. lOd. abroad.) 

Contents. 

Ruby — Ruby from Copper — Flint for using with the Ruby for Coating — ^A German Metal — 
Cornelian, or Alabaster — Sapphire Blue — Crysophis — Opal — ^Turquoise Blue — Gold Colour — 
Dark Green — Green (common) — Green for Malachite — Blue for Malachite — Black for Mela- 
chite — Black — Common Canary Batch — Canary — White Opaque Glass—Sealing-wax Red — 
Flint — Flint Glass (Crystal and Demi) — Achromatic Glass — Paste Glass — White Enamel — 
Firestone— Dead White (for moons) — White Agate— Canary— Canary Enamel — Index. 



A TREATISE ON THE ART OF GLASS PAINTING. 

Prefaced with a Review of Ancient Glass. By Ernest R. Suffling. 
With One Coloured Plate and Thirty-seven Illustrations. Demy 8vo. 
140 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 
Contents. 

A Short History of Stained Glass— Designing Scale Drawings— Cartoons and the Cut Line 
—various Kinds of Glass Cutting for Windows— The Colours and Brushes used in Glass 
painting— Painting on Glass, Dispersed Patterns— Diapered Patterns— Aoiding—Firina— 
Fret Lead Glazing — Index. 

PAINTING ON GLASS AND PORCELAIN AND 
ENAMEL PAINTING. A Complete Introduction to the 
Preparation of all the Colours and Fluxes used for Painting on Porce- 
lain, Enamel, Faience and Stoneware, the Coloured Pastes and Col- 
oured Glasses, together with a Minute Description of the Firing of 
Colours and Enamels. By Felix Hermann, Technical Chemist. With 
Eighteen Illustrations. 300 pp. Translated from the German second 
and enlarged Edition. Price 10s. 6d. net. (Post free, 10s. lOd. home ; 
lis. abroad.) 

Paper Making, Paper Dyeing, 
and Testing. 

THE DYEING OP PAPER PULP. A Practical Treatise for 
the use of Papermakers, Paperstainers, Students and others. By 
Julius Erfurt, Manager of a Paper Mill. Translated into English 
and Edited with Additions by Julius HiJBNER, F.C.S., Lecturer on 
Papermaking at the Manchester Municipal Technical School. With 
Illustrations and 157 patterns Of paper dyed in the pulp. Royal 
8vo, 180 pp. Price 15s. net. (Post free, 15s. 6d. home ; 16s. 6d. abroad.) 

„ Contents. 

Behaviour of tbe Paper Fibres during: the Process of Dyeing, Theory of the 
Mordant— Colour Fixing: Mediums (Mordants)— Influence of the Quality oi the Water 
Used— Inorganic Colours— Organic Colours— Practical Application of the Coal Tar 
Colours according to their Properties and their Behaviour towards the Different 
Paper Fibres— Dyed Patterns on Various Pulp Mixtures— Dyeing to Shade— Index, 

THE PAPER MILL CHEMIST. By Henry P. Stevens, 
M.A., Ph.D., F.I.C, Royal 12mo. 60 Illustrations. [In the ^ress. 
Contents. 

introduction. — Dealing with the Apparatus required in Chemical Work and General 
Chemical Manipulation, introducing the subject of Qualitative and Quantitative Analysis. 
Fueis. — Analysis of Coal, Coke and other Fuels — Sampling and Testing for Moisture, Ash, 
CaloriBc Value, etc.^Comparative Heating Value of different Fuels and Relative Efficiency. 
Water. — Analysis for Steam Raising and for Paper Making Purposes generally — Water 
Softening and Purification — ^A List of the more important Water Softening Plant, giving 
Power required, Weight, Space Occupied, Out-put and Approximate Cost. Raw Materials 
and Detection of Adulterants. — ^Analysis and Valuation of the more important Chemicals 
used in Paper Making, including Lime, Caustic Soda, Sodium Carbonate, Mineral Acids, 
Bleach Antichlor, Alum, Rosin and Rosin Size, Glue Gelatin and Casein, Starch, China Clay, 
Blanc Fixe, Satin White and other Loading Materials, Mineral Colours and Aniline Dyes. 
JVIanufacturlng* Operations. — Rags and the Chemical Control of Rag Boiling — Esparto 
Boiling — Wood Bailing — Testing Spent Liquors and Recovered Ash — Experimental Tests 
with Raw Fibrous Materials — Boiling in Autoclaves — Bleaching and making up Hand Sheets 
— Examination of Sulphite Liquors — Estimation of Moisture in Pulp and Half-stuff— Recom- 
mendations of the British Wood Pulp Association. Finislied Products.— Paper Testing, 
including Physical, Chemical and Microscopical Tests, Area, Weight, Thickness, Apparent 
Specific Gravity, Bulk or Air Space. Determination of Machine Direction, Thickness, 
Strength, Stretch, Resistance to Crumpling and Friction, Transparency, Absorbency and 
other qualities of Blotting Papers — Determination of the Permeability of Filtering Papers — 
Detection and Estimation of Animal and Vegetable Size in Paper— Sizing Qualities of 
Paper— Fibrous Constituents — Microscopical Examination of Fibres — ^The Effect of Beating 
on Fibres — Staining Fibres— Mineral Matter— Ash— Qualitative and Quantitative Examina- 
tion of Mineral Matter^Examination of Coated Papers and Colouring Matters in Paper. 
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CONTENTS OF "THE TESTING OF PAPER"— continued. 

Tables. — English and Metrical Weights and Measures with Equivalents — Conversion of 
Grams to Grains and vice versa — Equivalent Costs per lb., cwt., and ton— Decimal Equivalents 
of lbs., qrs., and cwts. — Thermometric and Barometric Scales— Atomic Weights and Molecular 
Weights— Factors for Calculating the Percentage of Substance Sought from the Weight of 
Substance Found— Table of Solubilities of Substances Treated of in Paper Making— Specific 
Gravity Tables of such substances as are used in Paper Making, including Sulphuric Acid, 
Hydrochloric Acid, Bleach, Milk of Lime, Caustic Soda, Carbonate of Soda, etc., giving 
Percentage Strength with Specific Gravity and Degrees Tw. — Hardness Table for Soap 
Tests— Dew Point— Wet and Dry Bulb Tables— Properties of Saturated Steam, giving 
Temperature, Pressure and Volume — List of DifFerent Machines used in the Paper Making 
Industry, giving Size, Weight. Space Occupied, Power to Drive, Out-put and Approximate 
Cost— Calculation of Moisture in Pulp — Rag-Boiling Tables, giving Percentages of Lime, 
Soda and Time required — Loss in Weight in Rags and other Raw Materials during Boiling 
and Bleaching—Conditions of Buying and Selling as laid down by the Paper Makers' Associa- 
tion — Table of Names and Sizes of Papers— Table for ascertaining the Weight per Ream from 
the Weight per Sheet^<^alcuIations of Areas and Volumes — Logarithms — Blank pages for 
Notes. 

THE TREATMENT OP PAPER FOR SPECIAL 
PURPOSES, By L. E. And^s. Translated from the 
German. Crown 8vo. 48 Illustrations. 250 pp. [In the Press. 

Contents. 
I., Parchment Paper, Vegetable Parchment. — The Parchment Paper JVIachine — 
Opaque Supple Parchment Paper — ^Thick Parchment — Krugler's Parchment Paper and Parch- 
ment Slates — Double and Triple Osmotic Parchment — Utilising Waste Parchment Paper — 
Parchmented Linen and Cotton — Parchment Millboard — Imitation Horn and Ivory from 
Parchment Paper — Imitation Parchment Paper— Artificial Parchment — Testing the Sulphuric 
Acid, n., Papers for Transfer Pictures. III., Papers for Preservative and Packing 
Purposes. — Butter Paper — Wax Paper— Paraffin Paper — ^Wrapping Paper for Silverware — 
Waterproof Paper — Anticorrosive Paper. IV., Grained Transfer Papers. V., Fireproof and 
Antifalsification Papers. VI., Paper Articles. — ^Vulcanised Paper Mach^— Paper Bottles — 
Plastic Articles of Paper — Waterproof Coverings for Walls and Ceilings — Paper Wheels, 
Roofing and Boats — Paper Barrels — Paper Boxes — Paper Horseshoes. VII., Gummed Paper. 
VIH., Hectograph Papers. IX., Insecticide Papers. — Fly Papers— Moth Papers. X,, 
Chalk and Leather Papers. — Glac^ Chalk Paper—Leather Paper — Imitation Leather. 
XI., Luminous Papers — Blue-Print Papers — Blotting Papers. XII., Metal Papers — Medi- 
cated Papers. XIII., Marbled Papers. XIV., Tracing and Copying Papers — Iridiscent or 
Mother of Pearl Papers. XV., Photographic Papers — Shellac Paper — Fumigating Papers — 
Test Papers. XVI., Papers for Cleaning and Polishing Purposes— Glass Paper— 
Pumic Paper — Emery Paper. XVII., Lithographic Transter Papers. XIX., Sundry 
Special Papers — Satm Paper — Enamel Paper — Cork Paper — Split Paper — Electric Paper — 
Paper Matches — Magic Pictures— Laundry Blue Papers — Blue Paper for Bleachers. XX., 
Waterproof Papers — Washable Drawing Papers — Washable Card— Washable Coloured Paper 
— Waterproof Millboard — Sugar Paper. XXI., The Characteristics of Paper — Paper Testmg. 

Enamelling on Metal. 

ENAMELS AND ENAMELLING. For Enamel Makers, 
Workers in Gold and Silver, and Manufacturers of Objects of Art. 
By Paul Randau. Translated from the German. With Sixteen Illus- 
trations. Demy 8vo. 180 pp. Price 10s. 6d. net. (Post free, 10s. lOd. 
home; lis. abroad.) 

THE ART OP ENAMELLING ON METAL. By W. 

Norman Brown. Twenty-eight Illustrations. Crown Svo. 60 pp. 
Price 2s. 6d. net. (Post free, 2s. 9d. home and abroad.) 

Silk Manufacture. 

SILK THROWING AND WASTE SILK SPINNING. 

By HOLLINS Rayner. Demy Svo. 170 pp. 117 lUus. Price 5s. net. 
(Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
Contents. 

The Silkworm — Cocoon Reeling and Qualities of Silk— Silk Throwing— Silk Wastes— The 
Preparation of Silk Waste for Degumming — Silk Waste Degumming, Schapping and Dis- 
charging—The Opening and Dressing of Wastes— Silk Waste " Drawing " or " Preparing " 
Machinery — Long Spinning — Short Spinning — Spinning and Finishing Processes— Utilisation 
of Waste Products — Noil Spinning — Exhaust Noil Spinning. 



Books on Textile and Dyeing 
Subjects. 

THE CHEMICAL TECHNOLOGY OP TEXTILE 
FIBRES : Their Origin, Structure, Preparation, Washing, 
Bleaching, Dyeing, Printing and Dressing. By Dr. Georg von 
Georgievics. Translated from the German by Charles Salter. 
320 pp. Forty-seven Illustrations. Royal 8vo. Price 10s. 6d. net. 
(Post free, lis. home ; lis. 3d. abroad.) 

Contents. 

The Textile Fibres— Washing, Bleaching, Carbonising— Mordants and Mor- 
danting^Dyeing— Printing— Dressing and Finishing. 

POWER-LOOM WEAVING AND YARN NUMBERING, 

According to Various Systems, with Conversion Tables. Translated" 
from the German of Antkon Gruner. With Twenty-SiX Diagrams 
in Colours. 150 pp. Crown 8vo. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 8s. abroad.) 

Contents. 
Power-Loom Weaving in General. Various Systems of Looms- Mounting and 
Starting the Power-Loom. English Looms — ^Tappet or Treadle Looms — Dobbies — 
General Remarks on the Numbering, Reeling and Pacldng of Yam— Appendix— Useful 
Hints. Calculating Warps — Weft Calculations — Calculations of Cost Price in Hanks. 

TEXTILE RAW MATERIALS AND THEIR CON- 
VERSION INTO YARNS. (The Study of the Raw 
Materials and the Technology of the Spinning Process.) By Julius 
ZipSER. Translated from German by Charles Salter. 302 Illus- 
trations. 500 pp. Demy 8vo. Price 10s. 6d. net. (Post free, lis. 
home; lis. 6d. abroad.) 

Contents. 
PART I.— The Raw Materials Used in the Textile Industry. 
Mineral Raw Materials. Vegetable Raw Materials. Anihal Raw Materials. 
PART 11.— The Technology of Spinning or the Conversion of Textile Raw 
Materials into Yarn, 
Spinning Vegetable Raw Materials. Cotton Spinning— Installation of a Cotton 
Mill— Spinning Waste Cotton and Waste Cotton Yarns- Flax Spinning— Fine Spinning— Tow 
Spinning — Hemp Spinning — Spinning Hemp Tow String — Jute Spinnmg— Spinning Jute Line 
Yarn — Utilising Jute Waste. 

PART 111.— Spinning Animal Raw Materials. 
Spinning Carded Woollen Yarn— ^Finishing Yarn— Worsted Spinning— Finishing Worsted 
Yam— Artificial Wool or Shoddy Spinning— Shoddy and Mungo Manufacture— Spinning 
Shoddy and other Wool Substitutes— Spinning Waste Silk— Chappe Silk— Fine Spinning— 
jndex. 

GRAMMAR OP TEXTILE DESIGN. By H. Nisbet, 
Weaving and Designing Master, Bolton Municipal Technical School. 
Demy 8vo. 280 pp. 490 Illustrations and Diagrams. Price 6s. net. 
(Post free, 6s. lOd. home ; 7s. abroad.) 
Contents. 

Chapter I., Inthoduotion. — General Principle of Fabric Structure and the use of Design 
Paper. 

Chapter II., The Plain Weave and its Modifications.— The Plain, Calico, or 
Tabby Weave.— Firmness of Texture— Variety of Texture— Variety of Form : Ribbed Fabrics 
— Corded Fabrics — Matt Weaves. 

Chapter III., Twill and Kindred Weaves.— Classification of Twill Weaves.— i. Con- 
tinuous Twills— (a) Warp-face Twills— (b) Weft-face Twills— (c) Warp and Weft-face Twills— 
The Angle of Twill— Infiuences affecting the Prominence of Twills and Kindred Weaves (a) 
Character of Weave, (b) Character of Yarn, (c) Number of Threads per Inch, (d) Direction of 
Twill in Relation to the Direction of Twist in Yarn^x. Zigzag or Wavy Twills— 3. Re- 
arranged Twills : Satin Weaves— Table of Intervals of Selection for the Construction of 
Satin Weaves— Corkscrew Twills — Rearrangement of Twill Weaves on Satin and other 
Bases— 4. Combined Twills— 5. Brolcen Twills— 6. Figured or Ornamented Twills. 

Chapter IV., Diamond and Kindred Weaves,— Diamond Weaves.— Honeycomb and 
Kindred Weaves— Brighton Weaves— Sponge Weaves— Huck-a- Back and Kindred Weaves- 
Grecian Weaves— Linear Zigzag Weaves. 

[Continued on next page. 
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CONTENTS OF " GRAMMAR OF TEXTILE DESIGN "— 

continued. 

Chapter V., Bedford Cords. — Plain Calico-ribbed Bedford Cords — Plain Twill-ribbed 
Bedford Cords— Figured Bedford Cords — Tabulated Data of Particulars relating to the Manu- 
facture of Seventeen Varieties of Bedford Cord Fabrics described in this Chapter. 

Chapter VI., Backed Fabrics. — Weft-backed Fabrics— Warp-backed Fabrics — Reversible 
or Double-faced Fabrics. 

Chapter VII., Fustiaks. — Varieties of Fustians. — Imperials or Swansdowns— Cantoons 
or Diagonals — Moleskins — Beaverteens — Velveteens and Velveteen Cutting — Ribbed or 
Corded Velveteen — Figured Velveteen — Corduroy— Figured Corduroy— Corduroy Cutting 
Maobines. 

Chapter VIII., Terry Pile Fabrics. — Methods of producing Terry Pile on Textile Fab- 
rics — Terry-forming Devices — ^Varieties of Terry Fabrics — Action of the Reed in Relation to 
Shedding — Figured Terry Weaving — Practical Details of Terry Weaving. 

Chapter IX„ Gauze and Lbno Fabrics.— Qauze, Net Leno, and Leno Brocade 
Varieties of Cross-Weavlnfi:. — Plain Oauze, and a Heald Gauze or Leno Harness — Net 
Leno Fabrics — Gauze and Net Leno Figuring by means of several Back Standard Healds to 
each Doup Heald — Leno Specialities produced by a System of Crossing: Warp Ends in 
front of the Iteed— A Device for the Production of Special Leno Effects— Full Cross Leno 
Fabrics — Relative Merits of a Top and a Bottom Doup Harness — Relative Merits of Different 
Types of Dobbies for Gauze and Leno Fabrics — Shaking Devices for Leno Weaving — Practical 
Details of Leno Weaving— Tempered Steel-wire Doup Harnesses for Cross-weavingr- 
Mock or Imitation Leno Fabrics. 

Chapter X., Tissue, Lappet, and Svpivbl Pigurino ; also Ondule Effects, and 
Looped Fabrics. — Tissue Fig:uring^-Madras Muslin Curtains — Lappet Figuring:- Spot 
Lappet Figuring — Swivel Fig;uring:— Woven Ondul£ Effects— Loom for Weaving Ondul£ 
Effects- Weft Ondul£ Effects— Looped Fabrics.- Index. 

NEEDLEWORK AND DESIGN. By Miss M. E. Wilkin- 
son. Quarto. 24 Plates and Text. 52 pp. [In the Press. 

HOME LACE-MAKING. A Handbook for Teachers and 
Pupils. By M. E. W. MiLROY. Crown 8vo. 64 pp. With 3 Plates 
and 9 Diagrams. Price Is. net. (Post free, Is. 3d. home ; Is. 4d, 
abroad.) 

THE CHEMISTRY OP HAT MANUFACTURING. Lec- 
tures delivered before the Hat Manufacturers' Association. By Wat- 
son Smith, F.C.S., F.I.C. Revised and Edited by Albert Shonk. 
Crown 8vo. 132 pp. 16 Illustrations. Price 7s. 6d. net. (Post free, 
7s. 9d. home ; 7s. lOd. abroad.) 

Contents. 

Textile Fibres, principally Wool, Fur, and Hair — ^Water : its Chemistry and Properties ; 
Impurities and their Action ; Tests of Purity — ^Acids and Alkalis — Boric Acid, Borax, Soap — 
Shellac, Wood Spirit, and the Stiffening and Proofing Process — Mordants : their Nature and 
Use — Dyestuffs and Colours — Dyeing of Wool and Fur; and Optical Properties of Colours — 
Index. 

THE TECHNICAL TESTING OP YARNS AND TEX- 
TILE PABRICS. With Reference to Official Specifica- 
tions. Translated from the German of Dr. J. Herzfeld. Second 
Edition. Sixty-nine Illustrations. 200 pp. Demy 8vo. Price 10s. 6d. 
net.. (Post free, 10s. lOd. home ; lis. abroad.) 

Contents. 

Yarn Testing:. Determining the Yarn Numbei^-Testing: the Len£;th of Yams- 
Examination of the External Appearance of Yam — Determining: the Twist of Yarn 
and Twist — Determination of Tensile Strength and Elasticity — Estimating: the 
Percentage of Fat in Yam — Determination of Moisture (Conditioning) — Appendix. 

DECORATIVE AND FANCY TEXTILE FABRICS. 

By R. T. Lord. Manufacturers and Designers of Carpets, Damask, 
Dress and all Textile Fabrics. 200 pp. Demy 8vo. 132 Designs and 
Illustrations. Price7s.6d.net. (Post free, 7s. lOd. home; 8s. abroad.) 

THEORY AND PRACTICE OP DAMASK WEAVING. 

By H. KiNZER and K. Walter. Royal 8vo. Eighteen Folding Plates. 
Six Illustrations. Translated from the German. 110 pp. Price 8s. 6d. 
net. (Post free, 9s. home ; 9s. 6d. abroad.) 
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TEXTILE BOOKS— continued. 
. . Contents. 

The Various Sorts of Damask Fabrics— Drill (Ticking, Handloom-made)— Whole 
Damask for Tablecloths— Damask with Ground- and Connecting-warp Threads — Furniture 
Damask— Lampas or Hangings— Church Damasks— Tbe Manufacture of Whole Damask 
—Damask Arrangement with and without Cross-Shedding— The Altered Cone-arrangement— 
The Principle of the Corner Lifting Cord— The Roller Principle— The Combination of the 
Jacquard with the so-called Damask Machine— The Special Damask Machine— The Combina- 
tion of Two Tyings. 

FAULTS IN THE MANUFACTURE OF WOOLLEN 
GOODS AND THEIR PREVENTION. By Nicolas 
Reiser. Translated from the Second German Edition. Crown 8vo, 
Sixty-three Illustrations. 170 pp. Price 5s. net. (Post free, 5s. 4d. 
home ; 5s. 6d. abroad.) 

Contents. 

Improperly Chosen Raw Material or Improper Mixtures — Wrong Treatment of the 
Material in Washing, Carbonisation, Drying, Dyeing and Spinning — Improper Spacing of the 
Goods in the Loom — Wrong Placing of Colours — Wrong Weight or Width of the Goods 
— Breaking of Warp and Weft Threads — Presence of Doubles, Singles, Thick, Loose, 
and too Hard Twisted Threads as well as Tangles, Thick Knots and the Like — Brrors in 
Cross-weaving — Inequalities, i.e.. Bands and Stripes — Dirty Borders — Defective Selvedges — 
Holes and Buttons — Rubbed Places — Creases — Spots — Loose and Bad Colours — Badly Dyed 
Selvedges — Hard Goods — Brittle Goods — Uneven Goods — Removal of Bands, Stripes,, 
Creases and Spots. 

SPINNING AND WEAVING CALCULATIONS, especially 
relating to Woollens. From the German of N. Reiser. Thirty-four 
Illustrations. Tables. 160 pp. Demy 8vo. 1904. Price 10s. 6d. net. 
(Post free, 10s. lOd. home ; lis. abroad.) 
Contents. 

Calculating the Raw Material — Proportion of Different Grades of Wool to Furnish a 
Mixture at a Given Price — Quantity to Produce a Given Length — Yarn Calculations — Yam 
Number — Working Calculations — Calculating the Reed Count — Cost of Weaving, etc. 

WATERPROOFING OF FABRICS. By Dr. S. Mierzinski, 
Crown 8vo. 104 pp. 29 Illus. Price 5s, net. (Post free, 5s. 3d. home ; 
5s. 4d. abroad.) 

Contents. 

Introduction — Preliminary Treatment o£ the Fabric — Waterproofing with Acetate of 
Alumina — Im]>regnation of the Fabric — Drying — Waterproofing with Paramn — Waterproofing 
with Ammonium Cuprate — Waterproofing with Metallic Oxides — Coloured Waterproof 
Fabrics — Waterproofing with Gelatine, Tannin, Caseinate of Lime and other Bodies — Manu- 
facture of Tarpaulin — British Waterproofing Patents — Index. 

HOW TO MAKE A WOOLLEN MILL PAY. By John 
Mackie. Crown 8vo. 76 pp. Price 3s. 6d. net. (Post free, 3s. 9d. 
home ; 3s. lOd. abroad.) 

Contents. 

Blends, Piles, or Mixtures of Clean Scoured Wools — Dyed Wool Book— The Order Book 
— Pattern Duplicate Books— Management and Oversight — Constant Inspection of Mill De- 
partments — Importance of Delivering Goods to Time, Shade, Strength, etc.— Plums. 

{For " Textile Soaps and Oils " see p. 7.) 

Dyeing, Colour Printing, 
Matching and Dye-stuffs. 

THE COLOUR PRINTING OF CARPET YARNS. Manual 
for Colour Chemists and Textile Printers. By David Paterson, 
F.C.S. Seventeen Illustrations. 136 pp. Demy 8vo. Price 7s. 6d. 
net. (Post free, 7s. lOd. home ; 8s. abroad.) 
Contents. 

structure and Constitution of Wool Fibre— Yarn Scouring— Scouring Materials— Water for 
Scouring— Bleaching Carpet Yarns — Colour Making for Yarn Printing— Colour Printing 
Pastes— Colour Recipes for Yarn Printing— Science of Colour Mixing — Matching of Colours 
—"Hank" Printing— Printing Tapestry Carpet Yarns— Yarn Printing— Steaming Printed 
Yams— Washing of Steamed Yarns— Aniline Colours Suitable for Yarn Printing — Glossary of 
Dyes a nd DvC 'vrares used in Wood Yarn Printing— Appendix. 
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THE SCIENCE OP COLOUR MIXING. A Manual in- 
tended for the use of Dyers, Calico Printers and Colour Chemists. By 
David Paterson, F.C.S. Forty-one Illustrations, Five Coloured Plates, 
and Four Plates showing: Eleven Dyed Specimens of Fabrics. 132 

pp. Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 
abroad.) 

Contents. 

Colour a Sensation ; Colours of Illuminated Bodies ; Colours of Opaque and Transparent 
Bodies; Surface Colour — Analysis of Light; Spectrum; Homogeneous Colours; Ready 
Method of Obtaining a Spectrum — Examination of Solar Spectrum; The Spectroscope and 
Its Construction ; Colounsts' Use of the Spectroscope — Colour by Absorption ; Solutions and 
Dyed Fabrics; Dichroic Coloured Fabrics in Gaslight— Colour Primaries of the Scientist 
versus the Dyer and Artist; Colour Mixing by Rotation and Lye Dyeing; Hue, Purity, 
Brightness; Tints; Shades, Scales, Tones, Sad and Sombre Colours— Colour Mixing; Pure 
and Impure Greens, Orange and Violet's; Large Variety of Shades from few Colours; Con- 
sideration of the Practical Primaries : Red, Yellow and Blue — Secondary Colours ; Nomen- 
clature of Violet and Purple Group; Tints and Shades of Violet; Changes in Artificial Light 
— Tertiary Shades ; Broken Hues; Absorption Spectra of Tertiary Shades — Appendix: Four 
Plates with Dyed Specimens Illustrating Text — Index. 

DYERS' MATERIALS : An Introduction to the Examination, 
Evaluation and Application of the most important- Substances used in 
Dyeing, Printing, Bleaching and Finishing. By Paul Heerman, Ph.D. 
Translated from the German by A. C. Wright, M.A. (Oxon.), B.Sc. 
(Lond.). Twenty-four Illustrations. Crown 8vo. 150 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

COLOUR MATCHING ON TEXTILES. A Manual in- 
tended for the use of Students of Colour Chemistry, Dyeing and 
Textile Printing. By David Paterson, F.C.S. Coloured Frontis- 
piece. Twenty-nine Illustrations and Fourteen Specimens Of Dyed 
Fabrics. Demy 8vo. 132 pp. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Contents. 

Colour Vision and Structure of the Eye — Perception of Colour — Primary and Comple- 
mentary Colour Sensations — Daylight for Colour Matching — Selection of a Good Pure Light 
—Diffused Daylight, Direct Sunlight, Blue Skylight, Variability of Daylight, etc., etc.— 
Matching of Hues — Purity and Luminosity of Colours — Matching Bright Hues— Aid of Tinted 
Films — Matching Difficulties Arising from Contrast — Examination of Colours by Reflected 
and Transmitted Lights — Effect of Lustre and Transparency of Fibres in Colour Matching 
— Matching of Colours on Velvet Pile — Optical Properties of Dye-stuffe, Dichroism, Fluor- 
escence — Use of Tinted Mediums — Orange Film — Defects of the Eye — Yellowing of the Lens 
— Colour Blindness, etc, — Matching of Dyed Silk Trimmings and Linings and Bindings — Its 
Difficulties — Behaviour of Shades in Artificial Light— Colour Matching of Old Fabrics, etc. — 
Examination of Dyed Colours under the Artificial Lights — Electric Arc, Magnesium and Dufton, 
Gardner Lights, Welsbach, Acetylene, etc. — Testmg Qualities of an Illuminant — Influence 
of the Absorption Spectrum in Changes of Hue under the Artificial Lights — Study of the 
Causes of Abnormal Modifications of Hue, etc. 

COLOUR: A HANDBOOK OP THE THEORY OF 
COLOUR. By George H. Hurst, P.C.S. With Ten 
Coloured Plates and Seventy-two Illustrations. 160 pp. Demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 
Colour and Its Production— Cause of Colour in Coloured Bodies— Colour Pheno- 
mena and Theories— The Physiology of Light-Contrast— Colour in Decoration and 
Design— Measurement of Colour. 

Reissue of -^ .:^, „., --asg^^ 

THE ART OE DYEING WOOL, SILK AND COTTON. 
Translated from the French of M. Hellot, M. Macquer and M. le 
PiLEUH D'Apligny. First Published in English in 1789. Six Plates. 
Demy 8vo. 446 pp. Price 5s. net. (Post free, 5s. 6d. home; 6s. 
abroad.) 

Contents. 
Part I., The Art of Dyeing Wool and Woollen Cloth, Stuffs, Yam, Worsted, etc. 
Part II., The Art of Dyeing Silk. Part III., The Art of Dyeing Cotton and Linen 
Thread, together with the Method of Stamping .Silks, Cottons, etc. 



23 

THE CHEMISTRY OP DYE-STUPPS. By Dr. Georg Von 
Georgievics. Translated from the Second German Edition. 412 pp. 
Demy 8vo. Price 10s. 6d. net. (Post free, lis. home ; lis. 6d. abroad.) 
Contents. 

Introduction — Coal Tar — Intermediate Products in the Manufacture of Dye-stuffs — The 
Artificial Dye-stuffs (Coal-tar Dyes) — Nitroso Dye-stuffs — Nitro Dye-stu£Fs — Azo Dye-stuffs — 
Substantive Cotton Dye-stuffs — Azoxystilbene Dye-stuffs — Hydrazones — Ketoneimides — 
Triphenylmethane Dye-stuffs — Rosolic Acid Dye-stuffs — Xanthene Dye-stuffs — Xanthone Dye- 
stuffs — Plavones — Oxyketone Dye-stuffs — Quinoline and Acridine Dye-stuffs— Quinonimide 
or Diphenylamine Dye-stuffs — The Azine Group : Burhodines, Safranines and Indulines — 
Burhodines — Safranines -~ Quinoxalines — Indigp — Dye-stuffs of Unknown Constitution — 
Sulphur or Sulphine Dye-stuffs — Development of the Artificial Dye-stuff Industry— The 
Natural Dye-stuffs — Mineral Colours — Index. 

THE DYEING OP COTTON PABRICS: A Practical 
Handbook for the Dyer and Student. By Franklin Beech, Practical 
Colourist and Chemist. 272 pp. Forty-four Illustrations of Bleaching 
and Dyeing Machinery. Demy 8vo. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Structure and Chemistry of the Cotton Fibre — Scouring and Bleaching of Cotton->~D^eing 
Machinery and Dyeing Manipulations — Principles and Practice of Cotton Dyeing — Direct 
Dyeing ; Direct Dyeing followed by Fixation with Metallic Salts ; Direct Dyeing followed by 
Fixation with Developers ; Direct Dyeing followed by Fixation with Couplers ; Dyeing on 
Tannic Mordant ; Dyeing on Metallic Mordant ; Production of Colour Direct upon Cotton 
Fibres ; Dyeing Cotton by Impregnation with Dye-stuff Solution — Dyeing Union (Mixed Cotton 
and Wool) Fabrics— Dyeing Half Silk (Cotton-Silk, Satin) Fabrics— Operations following 
Dyeing — Washing, Soaping, Drying — Testing of the Colour of Dyed Fabrics — Experimental 
Dyeing and Comparative Dye Testmg — Index. 

The book contains numerous recipes for the production on Cotton Fabrics of all kinds of a 
great range of colours. 

THE DYEING OP WOOLLEN PABRICS. By Franklin 
Beech, Practical Colourist and Chemist. Thirty-three Illustrations. 
Demy 8vo. 228 pp. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. abroad.) 

Contents. 

The Wool Fibre — Structure, Composition and Properties — Processes Preparatory to Dyeing 
— Scouring and Bleaching of Wool — Dyeing Machinery and Dyeing Manipulations — Loose 
Wool Dyeing, Yarn Dyeing and Piece Dyeing Machinery — The Principles and Practice of 
Wool Dyeing— Properties of Wool Dyeing— Methods of Wool Dyeing— Groups of Dyes- 
Dyeing with the Direct Dyes— Dyeing with Basic Dyes— Dyeing with Acid Dyes — Dyeing 
with Mordant Dyes — Level Dyeing— Blacks on Wool— Reds on Wool— Mordanting of Wool- 
Orange Shades on Wool — Yellow Shades on Wool— Green Shades on Wool— Blue Shades on 
Wool— Violet Shades on Wool— Brown Shades on Wool— Mode Colours on Wool— Dyeing 
Union (Mixed Cotton Wool) Fabrics— Dyeing of Gloria— Operations following Dyeing- 
Washing, Soaping, Drying — Experimental Dyeing and Comparative Dye Testing— Testing of 
the Colour of Dyed Fabrics — Index. 

, Bleaching and Washing. 

A PRACTICAL TREATISE ON THE BLEACHING OP 
LINEN AND COTTON YARN AND PABRICS. By 

L. Tailfer, Chemical and Mechanical Engineer. Translated from the 
French by John Geddes McIntosh. Demy 8vo. 303 pp. Twenty 
lUus. Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

Cotton Spinning and Combing. 

COTTON SPINNING (First Year). By Thomas Thornley, 
Spinning Master, Bolton Technical School. 160 pp. Eighty-four Illus- 
trations. Crown 8vo. Second Impression. Price 3s. net. (Post free, 
3s. 4d. home ; 3s. 6d. abroad.) 

Contents- 
Syllabus and Examination Papers of the City and Guilds of London Institute— Cultiva- 
tion, Classification, Ginning, Baling and Mixing of the Raw Cotton— Bale-Breakers, Mixing 
Lattices and Hopper Feeders— Opening and Scutching— Carding— Indexes. 



COTTON SPINNING (Intermediate, or Second Year). By 
Thomas Thornley. 180 pp. Seventy Illustrations. Crown 8vo. 
Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute — ^The 
Combing Process — The Drawing Frame — Bobbin and Fly Frames — JWule Spinning — Ring 
Spinning — General Indexes. 

COTTON SPINNING (Honours, or Third Year). By Thomas 
Thornley. 216 pp. Seventy-four Illustrations. Crown 8vo. Second 
Edition. Price 5s. net. (Post free, 5s. 4d. home; 5s. 6d. abroad.) 

Contents. 

Syllabuses and Examination Papers of the City and Guilds of London Institute — Cotton — 
The Practical Manipulation of Cotton Spinning Machinery — Doubling and Winding — Reeling 
— Warping — Production and Costs — Main Driving — ^Arrangement of Machinery and Mill 
Planning — Waste and Waste Spinning — Indexes. 

COTTON COMBING MACHINES. By Thos. Thornley, 
Spinning Master, Technical School, Bolton. Demy 8vo. 117 Illustra- 
tions. 300 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. abroad.) 
Contents. 

The Sliver Lap Machine and the Ribbon Cap Machine — General Description of the Heilmann 
Comber — The Cam Shaft — On the Detaching and Attaching Mechanism of the Comber — 
Resetting of Combers — The Erection of a Heilmann Comber — Stop Motions : Various Calcu- 
lations — Various Notes and Discussions — Cotton Combing Machines of Continental Make — 
Index. 

Flax, Hemp and Jute Spinning. 

MODERN FLAX, HEMP AND JUTE SPINNING AND 
TWISTING. A Practical Handbook for the use of Flax, 
Hemp and Jute Spinners, Thread, Twine and Rope Makers. By 
Herbert R. Carter, Mill Manager, Textile Expert and Engineer, 
Examiner in Flax Spinning to the City and Guilds of London 
Institute. Demy 8vo. 1907. With 92 Illustrations. 200 pp. Price 
7s. 6d. net. (Post free, 7s. 9d. home ; 8s. abroad.) 
Contents. 

Raw Fibre. — Origin of Flax — Hemp and Jute Fibre — Description of the Plants — Mode of 
Cultivation — Suitable Climate and Soil — Sovi'ing — Harvesting— Rippling Flax and Hemp- 
Water Retting — Dew Retting — Extraction of the Fibre — Marketing the Fibre — Bracquing — 
Flax, Hemp and Jute Marks — Comparative Prices — Ports of Export — Trade Centres — Fibre 
Selling Conditions— Duty on Fibre— Fibre Exports. Hackling.— Sorting and Storing the 
Raw Fibre — Softening Hemp and Jute — Jute Batching — Cutting — Piecing Out — Roughmg — 
Hackling by Hand and Machine — ^Tippling — Sorting — Ventilation of Hackling Rooms. Silver 
Formation. — Spreading Line— Heavy Spreading System — Good's Combined Hackle and 
Spreader — Jute Breaking and Carding — Flax and Hemp Tow Carding — Bell Calculation — 
Clock System— Theory of Spreading. Line and Tow Preparing. — Drawing and Doubling 
—Draft Calculation— Set Calculation — Tow Combing— Compound Systems — Automatic Stop 
Motions and Independent Heads — Details of Preparing Machinery — Ventilation — Humidifica- 
tion. GUI Spinninf^. — Gilt Spinning for Shoe Threads, Rope Yarns, Binder and Trawl 
Twines— The Automatic Gill Spinner — Rope and Reaper Yarn Numbering. The Flax, 
Hemp and Jute Roving Frame.- Bobbin Winding — Differential Motion— Twist Calculation 
—Practical Changing— Rove Stock. Dry and Half-Dry Spinning.— Flyer and Ring 
Frames— Draft and Twist Calculation — Bobbin Dragging — Reaches — Set of Breast Beam 
and Tin-rod. Wet Spinning: of Flax, Hemp and Tow — Hot and Cold Water Spinning- 
Improvements in the Water Trough — Turn off and Speed of Spindles — Reaches — Belting — 
Band Tyin^ — Tape Driving — Oiling — Black Threads—Cuts per Spindle — Ventilation of the 
Wet Spinning Room. Yarn Department.- Reeling— Cop Winding— Cheese and Spool 
Winding — Balling Shoe Thread, Reaper Yarn, etc. — Yarn Drying and Conditioning — Yarn 
Bundling — Yarn Baling— Weight of Yarn — ^Yarn Tables — Duty on Yarn Imports. Manufac- 
ture of Threads, Twines and Cords. — Hank Wmding— Wet and Dry Twisting— Cabling — 
Fancy Yarns — Twine Laying — Sizing and Polishing Threads and Twines — Softening Threads 
—Skeining Threads— Balling Twines — Leeson's Universal Winder — Randing Twines — Spool- 
ing Sewing Threads — Comparative Prices of Flax and Hemp Cords, Lines and Threads. 
Rope Making:. — Construction of Hawsers and Cables — Stranding— Laying and Closing — 
Compound Rope Machines — Rules for Rope Makers — Weight of Ropes — Balling and Coiling 
Ropes. Mechanical Department. — Boilers, Engines and Turbines — Power Transmission 
by Belts and Ropes — Electric Light and Power Transmission — Fans — Oils and Oiling — 
Repairs — Fluting. Mill Construction.— Flax, Hemp and Jute Spinning Mills and Ropeworks 
— Heating — Roofs— Chimneys, etc. 
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Collieries and Mines. 

RECOVERY WORK AFTER PIT FIRES. By Robert 
Lamprecht, Mining Engineer and Manager. • Translated from the 
German. Illustrated by Six large Plates, containing Seventy-six 
Illustrations. 175 pp., demy 8vo. Price 10s. 6d. net. (Post free, 
10s. lOd. home; lis. abroad.) 

Contents. 

Causes of Pit Fires — Preventive Regrulations : (1) The Outbreak and Rapid Extension 
of a Shaft Fire can be most reliably prevented by Employing little or no Combustible Material 
in the Construction of the Shaft ; (2) Precautions for Rapidly Localising an Outbreak of Fire in 
the Shaft ; (3) Precautions to be Adopted in case those under 1 and 2 Fail or Prove Inefficient. 
Precautions against Spontaneous Ignition of Coal. Precautions for Preventing Explosions of 
Fire-damp and Coal Dust. Employment of Electricity in Mining, particularly in Fiery Pits. 
Experiments on the Ignition of Fire-damp Mixtures and Clouds of Coal Dust by Electricity — 
Indications of an Bxistins: or Incipient Plre— Appliances for Workinsr in Irrespirable 
Gases; Respiratory Apparatus; Apparatus with Air Supply Pipes; Reservoir Apparatus; 
Oxygen Apparatus — Extinguishing^ Pit Fires: (a) Chemical Means; (&) Extinction with 
Water. Dragging down the Burning Masses and Packing with Clay ; {c) Insulating the Seat 
of the Fire by Dams, Dam Building. Analyses of Fire Gz^es. Isolating the Seat of a Fire 
with Dams: Working in Irrespirable Gases ("Gas-diving"): Air-Lock Work. Complete 
Isolation of the Pit. Flooding a Burning Section isolated by means of Dams. Wooden 
Dams: Masonry Dams. Examples of Cylindrical and Dome-shaped Dams. Dam Doors: 
Flooding the Whole Pit — Rescue Stations : (a) Stations above Ground ; (6) Underground 
Rescue Stations — Spontaneous Ignition of Coal in Bulk— Index. 

VENTILATION IN MINES. By Robert Wabner, Mining 
Engineer. Translated from the German. Royal 8vo. Thirty Plates 
and Twenty-two Illustrations. 240 pp. Pricel0s.6d.net. (Post free, 
lis. home ; lis. 3d. abroad.) 

Contents. 
The Causes of the Contamination of Pit Air— The Means of Preventing the 
Dangers resulting from tlie Contamination of Pit Air— Calculating the Volume 
of Ventilating Current necessary to free Pit Air from Contamination- Determination 
of the Resistance Opposed to the Passage of Air through the Pit— Laws of Re- 
sistance and Pormulte therefor— Fluctuations in the Temperament or Specific Re- 
sistance of a Pit— Means for Providing a Ventilating Current in the Pit— Mechani- 
cal Ventilation — Ventilators and Fans— Determining the Theoretical, Initial, and 
True (Effective) Depression of the Centrifugal Fan— New Types of Centrifugal Fan 
of Small Diameter and High Working Speed— Utilising the Ventilating Current to 
the utmost Advantage and distributing the same through the Workings— Artifici- 
ally retarding the Ventilating Current— Ventilating Preliminary Worldngs— Blind 
Headings — Separate Ventilation — Supervision of Ventilation— Index. 

HAULAGE AND WINDING APPLIANCES USED IN 
MINES. By Carl Volk. Translated from the German. 
Royal 8vo. With Six Plates and 148 Illustrations. 150 pp. Price 
8s. 6d. net. (Post free, 9s. home ; 9s. 3d. abroad.) 
Contents. 

Haulage Appliances — Ropes — Haulage Tubs and Tracks — Cages and Winding Appliances — 
Winding Engines for Vertical Shafts — Winding without Ropes — Haulage in Levels and 
Inclines — The Working of Underground Engines— Machinery for Downhill Haulage. 

Dental Metallurgy. 

DENTAL METALLURGY : MANUAL FOR STUDENTS 
AND DENTISTS. By A. B. Griffiths, Ph.D. Demy 
8vo. Thirty-six Illustrations. 200 pp. Price 7s. 6d. net. (Post free, 
7s. lOd. home ; 8s. abroad.) 

Contents. 

Introduction — Physical Properties of the Metals — ^Action of Certain Agents on Metals — 
Alloys — Action of Oral Bacteria on Alloys — Theory and Varieties of Blowpipes — Fluxes — 
Furnaces and Appliances — Heat and Temperature — Gold — Mercury — Silver — Iron — Copper — 
Zinc — Magnesium— Cadmium — ^Tin — Lead — Aluminium — ^Antimony — Bismuth — Palladium — 
Platinum — Iridium — Nickel — Practical Work — Weights and Measures. 
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Engineering, Smoke Prevention 
and Metallurgy. 

THE PREVENTION OP SMOKE. Combined with the 

Economical Combustion of Fuel. By W. C. Popplewell, M.Sc, 

A.M.Inst., C.E., Consulting Engineer. Forty-six Illustrations. 190 pp. 

Demy 8vo. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. 3d. abroad.) 

Contents. 

Fuel and Combustion— Hand Firing in Boiler Furnaces— Stoking by Mechanical Means- 
Powdered Fuel — Gaseous Fuel— EfBcienoy and Smoke Tests of Boilers — Some Standard 
Smoke Trials — The Legal Aspect of the Smoke Question — The Best Means to be adopted for 
the Prevention of Smoke — Index. 

GAS AND COAL DUST FIRING. A Critical Review of 
the Various Appliances Patented in Germany for this purpose since 
1885. By Albert Putsch. 130 pp. Demy 8vo. Translated from the 
German. With 103 Illustrations. Price 7s. 6d. net. (Post free, 7s. lOd. 
home ; 8s. abroad.) 

Cqntents. 

Generators— Generators Employing Steam— Stirring and Feed Regulating Appliances- 
Direct Generators — Burners — Regenerators and Recuperators — Glass Smelting Furnaces — 
Metallurgical Furnaces — Pottery Furnace — Coal Dust Firing— Index. 

THE HARDENING AND TEMPERING OP STEEL 
IN THEORY AND PRACTICE. By Fridolin Reiser. 
Translated from the German of the Third Edition. Crown 8vo. 
120 pp. Price 5s. net. (Post free, 5s. 3d. home ; 5s. 4d. abroad.) 
Contents. 
Steel— Chemical and Physical Properties of Steel, and their Casual Connection- 
Classification of Steel according to Use— Testing' the Quality of Steel — Steel- 
Hardening— investigation of the Causes of Failure in Hardening— Regeneration of 
Steel Spoilt in the Furnace— Welding Steel— Index. 

SIDEROLOGY: THE SCIENCE OP IRON (The Con- 
stitution of Iron Alloys and Slags). Translated from German of 
Hanns Freiherr v. JiJPTNER. 350 pp. Demy 8vo. Eleven Plates 
and Ten Illustrations. Price 10s. 6d. net. (Post free, lis. home; 
lis. 6d. abroad.) 

Contents. 
The Theory of Solution. — Solutions — Molten Alloys — Varieties of Solutions — Osmotic 
Pressure — Relation between Osmotic Pressure and other Properties of Solutions — Osmotic 
Pressure and Molecular Weight of the Dissolved Substance — Solutions of Gases — Solid Solu- 
tions — Solubility — Diffusion — Electrical Conductivity — Constitution of Electrolytes and Metals 
— Thermal Expansion. Micrography. — Microstructure — The Micrographic Constituents of 
Iron — Relation between Micrographical Composition, Carbon-Content, and Thermal Treat- 
ment of Iron Alloys — The Microstructure of Slags. Chemical Composition of the Alloys 
of Iron. — Constituents of Iron Alloys — Carbon — Constituents of the Iron Alloys, Carbon — 
Opinions and Researches on Combined Carbon — Opinions and Researches on Combined 
Carbon — Applying the Curves of Solution deduced from the Curves of Recalescence to the De- 
termination of the Chemical Composition of the Carbon present in Iron Alloys — The Constitu- 
ents of Iron — Iron — The Constituents of Iron Alloys — Manganese — Remaining Constituents of 
Iron Alloys— A Silicon — Gases. The Chemical Composition of Slag. — Silicate Slags- 
Calculating the Composition of Silicate Slags — Phosphate Slags — Oxide Slags — Appendix — 
Index. 

EVAPORATING, CONDENSING AND COOLING AP- 
PARATUS. Explanations, Formulse and Tables for Use 
in Practice. By E. Hausbrand, Engineer. Translated by A. C. 
Wright, M.A. (Oxon.), B.Sc. (Lond.). With Twenty-one Illustra- 
tions and Seventy-six Tables. 400 pp. Demy 8vo. Price 10s. 6d. net. 
(Post free, lis. home; lis. 6d. abroad.) 



27 

Contents of "Evaporating, Condensing and Cooling: 
Apparatus". 

jRfiCoefBcient of Transmission of Heat, k/, and the Mean Temperature Difference, d/m — 
Parallel and Opposite Currents — Apparatus'^or Heating with Direct Fire — The Injection of 
Saturated Steam — Superheated Steam — Evaporation by Means of Hot Liquids — The Trans- 
ference of Heat in General, and Transference by means of Saturated Steam in Particular 
— The Transference of Heat from Saturated Steam in Pipes (Coils) and Double Bottoms 
— Evaporation in a Vacuum — ^The Multiple-effect Evaporator — Multiple-effect Evaporators 
from which Extra Steam is Taken — The Weight of Water which must be Evaporated from 
100 Kilos, of Liquor in order its Original Percentage of Dry Materials from 1-25 per cent, 
up to 20-70 per cent. — The Relative Proportion of the Heating Surfaces in the Elements 
of the Multiple Evaporator and their Actual Dimensions — The Pressure Exerted by Currents 
of Steam and Gas upon Floating Drops of Water — The Motion of Floating Drops of Water 
upon which Press Currents of Steam — The Splashing of Evaporating Liquids — The Diameter 
of Pipes for Steam, Alcohol, Vapour and Air — The Diameter of Water Pipes — The Loss 
of Heat from Apparatus and Pipes to the Surrounding Air, and Means for Preventing 
the Loss — Condensers — Heating Liquids by Means of Steam — The Cooling of Liquids— 
liie Volumes to be Exhausted from Condensers by the Air-pumps — A Few Remarks on Air- 
pumps and the Vacua they Produce — The Volumetric Efficiency of Air-pumps — The Volumes 
of Air which must be Exhausted from a Vessel in order to Reduce its Original Pressure to a 
Certain Lower Pressure — Index. 

Sanitary Plumbing, Metal 
Work, etc., etc. 

EXTERNAL PLUMBING WORK. A Treatise on Lead 
Work for Roofs. By John W. Hart, R.P.C. 180 Illustrations. 272 
pp. Demy 8vo. Second Edition Revised. Price 7s. 6d. net. (Post 
free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Cast Sheet Lead— Hilled Sheet Lead— Roof Cesspools— Socket Pipes— Drips— Gutters — 
Gutters (continued) — Breaks— Circular Breaks— Flats — Flats (continued)— Rolls on Flats- 
Roll Ends— Roll Intersections- Seam Rolls— Seam Rolls (continued)— Tack Fixings— Step 
Flashings — Step Flashings (continued)— Secret Gutters— Soakers— Hip and Valley Soakers 
—Dormer Windows — Dormer Windows (continued)— Dormer Tops— Internal Dormers— 
Skylights— Hips and Ridging— Hips and Ridging (continued)- Fixings for Hips and Ridging 
—Ornamental Ridging — Ornamental Curb Rolls — Curb Rolls — Cornices— Towers and Finials 
—Towers and Finials (continued)— Towers and Finials (continued)— Domes— Domes (continued) 

Ornamental Lead Work— Rain Water Heads— Rain Water Heads (continued)— Rain Water 

Heads (continued). 

HINTS TO PLUMBERS ON JOINT WIPING, PIPE 
BENDING AND LEAD BURNING. Third Edition, 
Revised and Corrected. By John W. Hart, R.P.C. 184 Illustrations. 
313 pp. Demy 8vo. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 

abroad.) 

Contents. 

Pipe Bending — Pipe Bending (continued) — Pipe Bending (continued) — Square Pipe 

Bendings Half-circular Elbows— Curved Bends on Square Pipe— Bossed Bends — Curved 

Plinth Bends— Rain-water Shoes on Square Pipe— Curved and Angle Bends— Square Pipe 
Fixings— Joint-wiping— Substitutes for Wiped Joints— Preparing Wiped Joints— Joint Fixings 
—Plumbing Irons— Joint Fixings— Use of "Touch" in Soldering— Underhand Joints— Blown 
and Copper Bit Joints— Branch Joints— Branch Joints (contmued) — Block Joints— Block 
Joints (continued)— Block Fixings— Astragal Joints— Pipe Fixings— Large Branch Joints- 
Large Underhand Joints— Solders— Autogenous Soldering or Lead Burning— Index. 

SANITARY PLUMBING AND DRAINAGE. By John 
W. Hart. Demy 8vo. With 208 Illustrations. 250 pp. 1904. Price 
7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 
Contents. 

Sanitary Surveys— Drain Testing— Drain Testing with Smoke— Testing Drains with Water 

Drain'Plugs for Testing — Sanitary Defects — Closets — Baths and Lavatories — House Drains 

—Manholes— Iron Soil Pipes— Lead Soil Pipes— Ventilating Pipes— Water-closets— Flushing 
Cisterns — Baths — Bath Fittings — Lavatories — Lavatory Fittings— Sinks— Waste Pipes- 
Water Supply — Ball Valves — Town House Sanitary Arrangements — Drainage — Jointing 
Pipes—Accessible Drains — Iron Drains— Iron Junctions — Index. 



THE PRINCIPLES AND PRACTICE OP DIPPING, 
BURNISHING, LACQUERING AND BRONZING 
BRASS WARE. By W. Norman Brown. 35 pp. Crown 
8vo. Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

A HANDBOOK ON JAPANNING AND ENAMELLING 
FOR CYCLES, BEDSTEADS, TINWARE, ETC. By 

William Norman Brown. 52 pp. and Illustrations. Crown 8vo. 
Price 2s. net. (Post free, 2s. 3d. home and abroad.) 

THE PRINCIPLES OP HOT WATER SUPPLY. By 

John W. Hart, R.P.C. With 129 Illustrations. 177 pp., demy 8vo. 
Price 7s. 6d. net. (Post free, 7s. lOd. home ; 8s. abroad.) 

Contents. 

Water Circulation — The Tank System— Pipes and Joints — The Cylinder System— Boilers 
tor the Cylinder System— The Cylinder System— The Combined Tank and Cylinder System 
— Combined Independent and Kitchen Boiler — Combined Cylinder and Tank System with 
Duplicate Boilers — Indirect Heating and Boiler Explosions — Pipe Boilers — Safety Valves — 
Safety Valvep — The American System — Heating Water by Steam — Steam Kettles and Jets 
— Heating Power of Steam — Covering for Hot Water Pipes — Index. 

House Decorating and Painting. 

THREE HUNDRED SHADES FOR DECORATORS 
AND HOW TO MIX THEM. By A. Desaint. 
Quarto. The book will consist of a wide range of shades and tints 
suitable for decorators carefully numbered and mounted for easy 
reference, with full particulars as to the composition of each shade. 

[In the press, 

HOUSE DECORATING AND PAINTING. By W. 

Norman Brown. Eighty-eight Illustrations. 150 pp. Crown 8vo. 
Price 3s. 6d. net. (Post free, 3s. 9d. home and abroad.) 

A HISTORY OP DECORATIVE ART. By W. Nokman 

Brown. Thirty-nine Illustrations. 96 pp. Crown 8vo. Price 2s. 6d. 
net. (Post free, 2s. 9d. home and abroad.) 

WORKSHOP WRINKLES for Decorators, Painters, Paper- 
hangers and Others. By W. N. Brown. Crown 8vo. 128 pp. Second 
Edition. Price2s.6d.net. (Post free, 2s. 9d. home ; 2s. lOd. abroad.) 

Brewing and Botanical. 

HOPS IN THEIR BOTANICAL, AGRICULTURAL 
AND TECHNICAL ASPECT, AND AS AN ARTICLE 
OP COMMERCE. By Emmanuel Gross, Professor at 
the Higher Agricultural College, Tetschen-Liebwerd. Translated 
from the German. Seventy-eight Illustrations. 340 pp. Demy 8to. 
Price 12s. 6d. net. (Post free, 13s. home ; 13s. 6d. abroad.) 

Contents. 

HISTORY OF THE HOP— THE HOP PLANT— Introductory—The Roots— The Stem— 
and Leaves — Inflorescence and Flower : Inflorescence and Flower of the Male Hop ; In- 
florescence and Flower of the Female Hop — The Fruit and its Glandular Structure; The 
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Fruit and'Seed— Propagation and Selection of the Hop— Varieties of the Hop: (a) Red Hops ; 
(fi) Green Hops ; (c) Pale Green Hops— Classiflcation according to the Period of Ripening : 
Early August Hops ; Medium Early Hops ; Late Hops— Injuries to Growth— Leaves Turning 
Yellow, Summer or Sunbrand, Cones Dropping Off, Honey Dew, Damage from Wind, Hail 
and Rain ; Vegetable Enemies of the Hop ; Animal Enemies of the Hop— Beneflcial Insects on 
Hops— CULTIVATION— The Requirements of the Hop in Respect of Climate, Soil and 
Sifuation: Climate; Soil; Situation— Selection of Variety and Cuttings— Planting a Hop 
Garden : Drainage ; Preparing the Ground ; Marking-out for Planting ; Planting ; Cultivation 
and Cropping of the Hop Garden in the First Year — Work to be Performed Annually in the 
Hop Garden: Working the Ground; Cutting; The Non-cutting System; The Proper Per- 
formance of the Operation of Cutting: Method of Cutting: Close Cutting, Ordinary Cutting, 
The Long Cut, The Topping Cut; Proper Season for Cutting: Autumn Cutting, Spring 
Cutting; Manuring; Training the Hop Plant: Poled Gardens, Frame Training; Principal 
Types of Frames ; Pruning, Cropping, Topping, and Leaf Stripping the Hop Plant ; Picking, 
Drying and Bagging— Principal and Subsidiary Utilisation of Hops and Hop Gardens — Life 
of a Hop Garden ; Subsequent Cropping— Cost of Production, Yield and Selling Prices. 

Preservation and Storage — Physical and Chemical Structure of the Hop Cone — Judging 
the Value of Hops. 

Statistics of Production— Tlie Hop Trade— Index. 



Timber and Wood Waste. 

TIMBER : A Comprehensive Study of Wood in all its Aspects 
(Commercial and Botanical), showing the Different Applications and 
Uses of Timber in Various Trades, etc. Translated from the French 
of Paul Charpentier. Royal 8vo, 437 pp. 178 Illustrations. Price 
12s. 6d. net. (Post free, 13s. home ; 14s. abroad.) 

Contents. 

Physical and Chemical Properties of Timber— Composition of the Vegetable Bodies 
— Chief Blements — M. Premy's Researches — Elementary Organs of Plants and especially of 
Forests — Different Parts of Wood Anatomically and Chemically Considered — General Pro- 
perties of Wood — Description of the Different Kinds of Wood— Principal Essences with 
Caducous Leaves — Coniferous Resinous Trees — Division of the Useful Varieties of Timber 
In the Different Countries of the Globe — European Timber — African Timber — Asiatic 
Timber — American Timber — Timber of Oceania — Forests — General Notes as to Forests ; their 
Influence — Opinions as to Sylviculture — Improvement of Forestsi — Unwooding and Rewooding 
—Preservation of Forests — Exploitation of Forests — Damage caused to Forests — Different 
Alterations — The Preservation of Timber — Generalities — Causes and Progress of De 
terioration — History of Different Proposed Processes — Dessication — Superficial Carbonisation 
of Timber^— Processes by Immersion — Generalities as to Antiseptics Employed — Injection 
Processes in Closed Vessels — The Boucherie System, Based upon the Displacement of the 
Sap— Processes for Making Timber Uninfiammable — Applications of Timber— Generalities 
— Working Timber — Paving — Timber for Mines — Railway Traverses — ^Accessory Products — 
Gums — ^Works of M. Fremy — Resins — Barks — Tan — Application of Cork — The Application of 
Wood to Art and Dyeing — Different Applications of Wood — Hard Wood — Distillation of 
Wood — Pyroligneous Acid — Oil of Wood — Distillation of Resins — Index. 



THE UTILISATION OP WOOD WASTE. Translated from 
the German of Ernst Hubbard. Crown 8vo. 192 pp. Fifty Illustra- 
tions. Price 5s. net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

General Remarks on the Utilisation of Sawdust — Employment of Sawdust as Fuel, 
with and without Simultaneous Recovery of Charcoal and the Products of Distillation — 
Manufacture of Oxalic Acid from Sawdust — Process with Soda Lye; Thorn's Process; 
Bohlig's Process — Manufacture of Spirit (Ethyl Alcohol) from Wood Waste — Patent Dyes 
(Organic Sulphides, Sulphur Dyes, or Mercapto Dyes)^ArtificiaI Wood and Plastic Com- 
positions from Sawdust — Production of Artificial Wood Compositions for Moulded De- 
corations — Employment of Sawdust for Blasting Powders and Gunpowders — Employment 
of Sawdust for Briquettes — Employment of Sawdust in the Ceramic Industry and as an 
Addition to Mortar — Manufacture of Paper Pulp from Wood — Casks — Various Applications 
of Sawdust and Wood Refuse — Calcium Carbide — Manure — Wood Mosaic Plaques — Bottle 
Stoppers — Parquetry — Fire-lighters — Carborundum — ^The Production of Wood Wool — Baric — 
Index. 
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Building and Architecture. 

THE'PREVENTION OP DAMPNESS IN BUILDINGS; 

with Remarks on the Causes, Nature and Effects of Saline, Efflores- 
cences and Dry-rot, for Architects, Builders, Overseers, Plasterers,. 
Painters and House Owners. By Adolf Wilhelm Keim. Translated 
from the German of the second revised Edition by M. J. Salter, F.I.C, 
F.C.S. Eight Coloured Plates and Thirteen Illustrations. Crown 8vo. 
115 pp. Price 5s. net. (Post free, 5s. 3d. home; 5s. 4d. abroad.) 

Contents. 

The Various Causes of Dampness and Decay of the Masonry of Buildings, and the 
Structural and Hygienic Evils of the Same — Precautionary Measures during Building against 
Dampness and Efflorescence — Methods of Remedying Dampness and BfBorescences in the 
Walls of Old Buildings — The Artificial Drying of New Houses, as well as Old Damp Dwellings, 
and the Theory of the Hardening of Mortar — New, Certain and Permanently Efficient 
Methods for Drying Old Damp Walls and Dwellings — The Cause and Origin of Dry-rot ; its 
Injurious Effect on Health, its Destructive Action on Buildings, and its Successful Repres- 
sion — Methods of ^ Preventing Dry-rot to be Adopted During Construction — Old Methods 
of Preventing Dry-rot — Recent and More EfHcient Remedies for Dry-rot — Index. 

HANDBOOK OF TECHNICAL TERMS USED IN ARCHI- 
TECTURE AND BUILDING, AND THEIR ALLIED 
TRADES AND SUBJECTS. By Augustine C. Passmore. 
Demy 8vo. 380 pp. Price 7s. 6d. net. (Post free, 8s. home ; 8s. 6d. 
abroad.) 



Foods and Sweetmeats. 

THE MANUFACTURE OF PRESERVED FOODS AND 

SWEETMEATS. By A. Hausner. With Twenty-eight 
Illustrations. Translated from the German of the third enlarged 
Edition. Crown 8vo. 225 pp. Price 7s. 6d. net. (Post free, 7s. 9d, 
home; 7s. lOd. abroad.) 

Contents. 

The Manufacture of Conserves — Introduction— The Causes of the Putrefaction of Food 
—The Chemical Composition of Foods—The Products of Decomposition — The Causes of Fer- 
mentation and Putrefaction — Preservative Bodies — The Various Methods of Preserving Food 
— The Preservation of Animal Food — Preserving Meat by Means of Ice — The Preservation 
of Meat by Charcoal— Preservation of Meat by Drying— The Preservation of Meat by the 
Exclusion of Air — The Appert Method — Preserving Flesh bjr Smoking— Quick Smoking — Pre- 
serving Meat with Salt— Quick Salting by Air Pressure— Quick Salting by Liquid Pressure— 
Gamgee's Method of Preserving Meat— The Preservation of Eggs— Preservation of White 
and Yolk of Egg — Milk Preservation — Condensed Milk — The Preservation of Fat — Manu- 
facture of Soup Tablets— Meat Biscuits — Extract of Beef^The Preservation of Vegetable 
Foods in General— Compressing Vegetables — Preservation of Vegetables by Appert's Method 
—The Preservation of Fruit — Preservation of Fruit by Storage — The Preservation of Fruit 
by Drying — Drying Fruit by Artificial Heat — Roasting Fruit — The Preservation of Fruit with 
Sugar — Boiled Preserved Fruit — The Preservation of Fruit in Spirit, Acetic Acid or Glycerine 
—Preservation of Fruit without Boiling — Jam Manufacture — The Manufacture of Fruit 
Jellies—The Making of Gelatine Jellies— The Manufacture of '* Sulzen " — The Preservation of 
Fermented Beverages— The Manufacture of Candies— Introduction— The Manufacture of 
Candied Fruit — The Manufacture of Boiled Sugar and Caramel— The Candying of Fruit — 
Caramelised Fruit — The Manufacture of Sugar Sticks, or Barley Sugar — Bonbon Making — 
Fruit Drops— The Manufacture of Drag^es — The Machinery and Appliances used in Candy 
Manufacture — Dyeing Candies and Bonbons — Essential Oils used in Candy Making — Fruit 
Essences — The Manufacture of Filled Bonbons, Liqueur Bonbons and Stamiied Lozenges — 
Recipes for Jams and Jellies — Recipes for Bonbon Making — Drag^es — ^Appendix— Index. 
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Dyeing Fancy Goods. 

THE ART OP DYEING AND STAINING MARBLE, 
ARTIFICIAL STONE, BONE, HORN, IVORY AND 
WOOD, AND OP IMITATING ALL SORTS OP 
WOOD. A Practical Handbook for the Use of Joiners, 
Turners, Manufacturers of Fancy Goods, Stick and Umbrella Makers, 
Comb Makers, etc. Translated from the German of D. H. Soxhlet, 
Technical Chemist. Crown 8vo. 168 pp. Price 5s. net. (Post free, 
Ss. 3d. home ; Ss. 4d. abroad.) 

* Contents. 

Mordants and Stains — Natural Dyes — Artificial Pigments — Coal Tar Dyes — Staining 
Marble and Artificial Stone— Dyeing, Bleaching and Imitation of Bone, Horn and Ivory — 
Imitation of Tortoiseshell for Combs : Yellows, Dyeing Nuts — Ivory — Wood Dyeing — Imitation 
of Mahogany : Dark Walnut, Oak, Birch-Bark, Elder-Marquetry, Walnut, Walnut-Marquetry, 
Mahogany, Spanish Mahogany, Palisander and Rose Wood, Tortoiseshell, Oak, Ebony, Pear 
Tree — Black Dyeing Processes with Penetrating Colours — ^Varnishes and Polishes; English 
Furniture Polish, Vienna Furniture Polish, Amber Varnish, Copal Varnish, Composition for 
Preserving Furniture — Index. 

Celluloid. 

CELLULOID. The Raw Material, Manufacture and Uses. 
By Dr. Fr. Bockmann. 49 lUus. Crown 8vo. [/« the Press. 

Lithography, Printing and 
graving. 

PRACTICAL LITHOGRAPHY. By Alfred Seymour. 
Demy 8vo. With Frontispiece and 33 lUus. 120 pp. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 
Contents. 

stones — ^Transfer Inks — Transfer Papers — Transfer Printing — Litho Press — Press Work — 
Machine Printing — Colour Printing — Substitutes for Lithographic Stones — Tin Plate Printing 
and Decoration — Photo-Lithography. 

PRINTERS' AND STATIONERS' READY RECKONER 
AND COMPENDIUM. Compiled by Victor Graham. 
Crown 8vo. 112 pp. 1904. Price3s.6d.net. (Post free, 3s. 9d. home ; 
3s. lOd. abroad.) 

Contents. 

Price of Paper per Sheet, Quire, Ream and Lb. — Cost of 100 to 1000 Sheets at various 
Sizes and Prices per Ream—Cost of Cards — Quantity Table — Sizes and Weights of Paper, 
Cards, etc.-:— Notes on Account Books — Discount Tables — Sizes of spaces — Leads to a lb. — 
Dictionary — Measure for Bookwork — Correcting Proofs, etc. 

ENGRAVING POR ILLUSTRATION. HISTORICAL 
AND PRACTICAL NOTES. By J. Kirkbride. 72 pp. 
Two Plates and 6 Illustrations. Crown 8vo. Price 2s. 6d. net. (Post 
free, 2s. 9d. home ; 2s. lOd. abroad.) 

Contents. 

Its Inception — ^Wood Engraving — Metal Engraving — Engraving in England — Etching — 
Mezzotint — Photo-Process Engraving — The Engraver's Task — ^Appreciative Criticism — 
Index. 
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Bookbinding. 



PRACTICAL BOOKBINDING. By Paul Adam. Translated 
from the German. Crown 8vo. 180 pp. 127 Illustrations. Price 5s. 
net. (Post free, 5s. 4d. home ; 5s. 6d. abroad.) 

Contents. 

Materials for Sewing and Pasting — Materials for Covering the Book — Materials for 
Decorating and Finishmg — Tools — General Preparatory Work — Sewing — Forwarding, 
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Cutting, Rounding and Backing— Forararding, Decoration of Edges and Headbanding- 
Boarding— Preparing the Cover— Work with the Blocking Press— Treatment of Sewn Books, 
Fastening in Covers, and Finishing Off— Handtooling and Other Decoration— Account Books 
—School Books, Mounting Maps, Drawings, etc.— Index. 



Sugar Refining. 



THE TECHNOLOGY OP SUGAR: Practical Treatise on 
the Modern Methods of Manufacture of Sugar from the Sugar Cane and 
Sugar Beet. By John Geddes McIntosh. Second Revised and 
Enlarged Edition. Demy 8vo. Fully Illustrated, 436 pp. Seventy-six 
Tables. 1906. Price 10s. 6d. net. (Post free, lis. home; lis. 6d. 
abroad.) 

Contents. 

Chemistry of Sucrose, Lactose, Maltose, Glucose, Invert Sugar, etc.— Purchase and 
Analysis of Beets — Treatment of Beets— Diffusion — Filtration— Concentration— Evaporation — 
Su^ar Cane: Cultivation— Milling — Diffusion— Sugar Refining — Analysis of Raw Sugars — 
Chemistry of Molasses, etc. 

{See " Evaporating, Condensing, etc.. Apparatus," p. 26.) 
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CLASSIFIED GUIDE TO TECHNICAL AND COM- 
MERCIAL BOOKS. Compiled by Edgar Greenwood. 
Demy 8vo. 224 pp. 1904. Being a Subject-list of the Principal 
British and American Books in print ; giving Title, Author, Size, Date, 
Publisher and Price. Price 7s. 6d. net. (Post free, 7s. lOd. home ; 
8s. 3d. abroad.) 
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